United States Patent m 

Kostreski et al. 



US005729549A 
[ii] Patent Number: 
[45] Date of Patent: 



5,729,549 
Mar. 17, 1998 



[54] SIMULCASTING DIGITAL VIDEO 
PROGRAMS FOR BROADCAST AND 
INTERACTIVE SERVICES 

[75] Inventors: Bruce Kostreski, Wheaton, M<L; Allan 
Schneider, Falls Church, Va. 

[73] Assignee: Bell Atlantic Network Services, Inc., 
AriingtonrVa: ~ 



[21] Appl. No.: 491,515 

[22] Filed: Jan. 19, 1995 

Related U^rAppBcation Data 

[63] Continuaticm-iB-pajt of Set No. 405,558, Mat 16, 1995, 
Pat No. 5,651,010. 

[51] Int CI 6 ... H04B 7/005; H04J 4/00 

[52] U.S. CL 370/522; 370/535; 348/7; 

455/4.1 

[58] Held of Search 370/50, 69.1, 73, 

37CV75, 84, 112, 108, 100.1, 485, 312, 
486, 487, 496, 522, 523, 535, 537, 538; 
348/7, 6, 12. 13, 21, 423, 385, 387, 723; 
455/4.1, 4.2, 3.1, 51.1, 51.2, 5.1; 375/11, 
99, 356; 364/514 R 

[56] References Cited 

U.S. PATENT DOCUMENTS 



2,629,816 
3,836,726 
4,255,814 
4,591,906 
4,718,109 
4,750,036 
4,752,954 
4,916,532 
4,939,726 
5,007,052 
5,038,403 
5,079,768 
5,101,499 
5,115,433 



2/1953 
9/1974 
3/1981 
5/1986 
1/1988 
6/1988 
6/1988 
4/1990 
7/1990 
4/1991 
8/1991 
1/1992 
3/1992 
5/1992 



Rabuteau . 
Wells et al. . 
Osboni . 

Morales-Garza et al. 
Breedeo et al. . 
Martinez 

Masuko ~.»~ 

Streck et el. . 
Hammer et al. . 
Hammer . 
Lei tch. 
Flamnxx . 
Streck et al. . 
Baran et al. . 



, 348/13 

358/84 

380/20 



OTHER PUBLICATIONS 

INSPEC, Abstract of Beckman, J.L., "A Protocol for Con- 
trolling Devices Over a Network— a New VXIbus Draft 
Specification," Conference Record AUTOTESTCON '95, 
'Systems Readiness: Test Technology for the 21 st Cen tury/, 
Atlanta, GA, Aug. £-10, 1995, pp. 567-573, IEEE, New 
York, NY (1995), INSPEC Abstra ct No. B9602-6210L-062, 

-^9602=5640^024: 

INSPEC, Abstract of H. Mohanty, "ECXPERT: Expert Sys- 
tem Shell V2.0 on Unix 4.2 BSD and System V" Proceed- 
ings of Conference on Al Applications in Physical Sciences, 
Bombay, India, Jan. 15-16, 1992, pp. F7/1-10, Indian Phys. 
Assoc.,- Bombay, — India, — INSPEC — Abstract — No.- 



C93 10-6170-029. 

(List continued on next page.) 
Primary Examiner- Chau Nguyen 

Attorney Agent, or Firm— Lowe, Price, LeBlanc & Becker 
[57] 



ABSTRACT 



(List continued on next page.) 



To provide interactivity, a public wireless packet data net- 
work is combined with a broadband digital broadcast net- 
work. In the preferred embodiment the broadcast network 
utilizes multiple transmitters al separately located sites 
simultaneously broadcasting the same multi-channel, multi- 
program signal. Broadcast waves from the transmitters 
propagate throughout substantially overlapping portions of 
the service area. Customer premises receiving systems 
include a receiving antenna and one or more digital enter- 
tainment terminals. The terminal includes a channel selector 
and digital receiver for capturing a digital transport stream 
from a selected channel. A processor converts selected 
program information from the transport stream for 
presentation, e.g. via a television set The terminal also 
includes a CPU controlling the operation of the channel 
selector and the processor in response to user inputs. The 
CPU also communicates signaling information for interac- 
tive services via an RF packet data modem included in the 
terminal and the public wireless packet data network. In 
addition to the signaling for interactive services, the packet 
data network provides transport for data communications 
between other data devices. 

83 Claims, 12 Drawing Sheets 
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FIGURE 5A 
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SIMULCASTING DIGITAL VIDEO crs and other types of receivers, in the exact same manner as 

PROGRAMS FOR BROADCAST AND for a cable television system. The headend system H fre- 

INTERACTIVE SERVICES quency multiplexes those television program signals into a 

combined spectrum signal in the 50-450 Mhz range. This 
CROSS-REFERENCE TO RELATED 5 combined signal has a frequency distribution similar to that 

APPLICATION found on a cable television network. The headend system 

upcon verts the combined spectrum signal to the UHF fre- 
This application is a continuation in part of U.S. patent qucacy rangc ^ ^p^y centered around 2.6 Ghz. The hea- 
application Ser. No. OS/405,558 filed Mar. ^16, 1995 entitled dend system mc rjHF signal to a single transmitter 

"SIMULTANEOUS OVERLAPPING BROADCASTING lQ tower Twhich broadcasts the signal to subscriber 

OF DIGITAL mC K^A^!:..nQW-U,S. Pat v No.,5^1^ia who- each have an indivio^al h^merec^iving system. Inter- 



the disclosure of which is incorporated herein in Us entirety activity requires use of separate telephone line 
by reference. communications, and as a result, typically is very limited. 

TRrHNTr . I orpin For example, a subscriber can call in to the headend to order 

liiLHmcALriULU 15 pay.per.view events via the telephone network, and the 
The present_invention_ relates to wireless distribution- of headend transmits one or more codes to the subscriber's 



program information, e.g. video, audio and data. More receiver system to enable aescrarnbling of encoded pay-per- 

specincaUy, the present invention relates to a broadband view programs. 

network providing substantially concurrent distribution of If the telephone line communication involves data 

multiple RF channels from separately located transmitters, 20 reporting, e.g. transferring records of programs viewed to 

each RF channel carrying a digital transport stream contain- the headend, then a modem in or associated with the 

ing multiplexed data relating to a plurality of different converter/descrambler box can transfer the information via 

programs, in combination with wireless packet data trans- a telephone line at some time not typically used for normal 

port of signaling information for data and interactive ser- telephone conversation, for example between 2:00AM and 

vices. 25 4:00AM. Such off-hours telephone line communications. 

however, do not offer real time interactivity. 

BACKGROUND ART Telephone line data communications associated with 

"Wireless cable" is a term usually used to refer to a video r^gramming can provide interactivity, for example to 
multi-channel video distribution medium that resembles permit ordering of items presented on home shopping chan- 
franchise cable television, but which uses microwave chan- 30 nels. However, one user on the premises ties up the tele- 
nets rather than coaxial cable or wire to transmit programing phone line during such interactions. Other users viewing 
to the subscriber. Programming for wireless cable systems is televisions in other locations in the home can not conduct 
received at the headend of the wireless cable system in the interactive session unless there is a corresponding number of 
same manner as it is for landline based cable television. telephone lines to the customer premises. The interaction via 
These programs are then re- transmitted, utilizing the high 35 the telephone line also prevents normal use of the line until 
end of the Ultra High Frequency (UHF) portion of the the interactive session is complete, 
microwave radio frequency spectrum (2.1 to 2.7 GHz), by a proposals have been made to provide a wireless signalling 
microwave transmitting antenna located on a tower or other channel for use with the wireless cable service. Specifically, 
tall structure to small antennas on subscriber rooftops, ^ the proposed system would use bandwidth otherwise allo- 
typically within a 40 mile radius. cable to video channels to provide a shared use return data 

At the subscriber's location, microwave signals are channel for upstream interactive signaling. This type of 

received by an antenna, down-converted and passed through proposal, however, utilizes an extremely scarce resource. Le, 

conventional coaxial cable to a (^scrambling converter available channel capacity, and would require FCC autho- 

located on top of a television set The signals are converted 45 rization. Use of such a channel with a shared transmit and 

at the antenna location to lower frequencies in order to be receive antenna also would be subject to cross-talk 

carried over conventional in-house cable to a converter box, interference, unless substantial guard-bands were provided, 

decoded and then output to a standard television set Substantial guard-bands, however, further reduce available 

Because wireless cable signals are transmitted over the air channel capacity. 

rather than through underground or above-ground cable ^ with the telephone line approaches, the telephone net- 
networks, wireless systems are less susceptible to outages work already exists, and the video service provider need not 
and are less expensive to operate and maintain than fran- incur any additional expense in developing the network for 
chise cable systems. Most service problems experienced by carrying the return channel data. With the wireless return 
wireless cable subscribers are home-specific rather than channel type of proposal however, the return channel and 
neighborhood-wide, as is frequently the case with franchise 55 equipment for processing signals on that channel are dedi- 
cate systems. cated to the interactive portion of the wireless cable video 
As a general matter, the transmissioD of wireless frequen- service. As a financial matter, this approach forces the 
cies requires clear line-of-sight (LOS) between the trans- wireless video services to support the entire cost of the 
mitter and the receiving antenna. Buildings, dense foliage associated infrastructure. At least initially, the number of 
and topography can cause signal interference which can $q subscribers actually using interactive services will not pro- 
diminish or block signals. Certain LOS constraints can be vide sufficient revenue to support the cost of the wireless 
reduced by increasing transmission power and using engi- back-channel equipment. 

necring techniques such as pre -amplifiers and signal repeat- From this discussion, it should be clear that a need exists 

ers. for a cost effective system for providing real-time interactive 

In a typical prior art system, such as shown in FIG. 1, a 65 services in combination with a wireless cable television 

headend system H receives a number of analog television system, without disrupting other communication services. A 

program signals from a variety of satellite down-link receiv- variety of other needs arise out of the number and transmis- 
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sion characteristics of the channels utilized for wireless instructional Television Fixed Service ([ira). Two blocks of 

cable type services, as discussed below, four channels were made available to anyone wishing to 

nG. 1 A shows a typical service area for a wireless cable P*""* an alternative multi^ 

type system of the type shown in FIG. 1. In accord wiih chaanels ^cre Lcensed ^dually to instt- 

, V" . v. , xAr . lM .„ Mhl . >,.« . „„_ s tuuons for the purpose of providing a private video network, 

relevant regulations, fcewireless cab e operato toa pro- ^ Ucendng^md leasing arringe menu, the FCC now 

tected or •prunaiy' reception area P. At the relevan frequen- of to %. a^ gated for the purpose 

cies here under consideration the primary area P Is a circle of providing ^ alternative to cable television. 

SfSSL? "f" S ° f If ! rCm * e JT*^ The 33 channels potentially available to wireless cable 
T. Within this area, the operator is guaranteed that there wul Q ^ toR fcus m subdivided' into two types of channels, 
be no interf erence with his transmi ssions on the assigned 10 "r went v channels are referred to as ITFS. The remaining 13- 
fr^uenty-cKiBnel^). However, at the auowaoie power m gcneranv tcfeaei to a$ Multi-channel Multi- 
levels, the transmissions from antenna tower T will propa- Distribution Service (MMDS), 
gate out over a secondary area S having a radius of up to 40 ^ contDt lcjd uhf^^tv to equlva- 
miles. Within the secondary area, some locations writ ^ to a ^ tier franchise aUe ^fc^. system (ie . 
receive sufficient signal strength to utilize the wireless cable « ^ Td few chaBnels) , w ith tee only ^ difference 



serviees.- 



lying in the medium used to transport signals from the 

UHF signals in the relevant frequency band arrive at the headend to the customer. Functionally identical headend 

customer location by direct line-of-sight (LOS) equipment is utilized in bom systems. In the case of UHF 

transmission. Typically an elliptical dish shaped antenna M service, signals leave the headend via a microwave trans- 

18-36 inches long, formed of parallel curved elements, is mitter. With cable television, the same signals leave the 

aimed from the subscriber location to receive the strongest headend on fiber or coaxial cable facilities, 

signal from the transmitter. The captured signals arc down- wireless cable technology provides a relatively low cost 

converted at the antenna from the microwave band to the medium to transmit video and does not require extensive 

broadcast band and transmitted via coaxial wiring into the 2J coaxial cable networks, amplifiers and related equipment 

house. For scrambled signals (the typical case), a set top The three major advantages of such service are variable cost 

converter functionally similar to a cable set top box is used. technology where capital is spent in establishing cash flows, 

In many UHF installations, to conserve UHF capacity for manageable financial risk because of variable costs, and the 

premium services, a VHF/UHF off-air broadcast receive possibility of establishing broad based market entry more 

antenna is installed with the UHF antenna to pick up the M quickly than is feasible with wireline based video systems, 

local programming. Wireless cable systems are attractive to potential subscribers 

The evolution of wireless cable may be briefly summa- not yet served by franchise cable operators and can provide 

rized as follows. Wireless cable technology has existed in a customers in cabled areas with an economical alternative to 

single channel version for commercial purposes since the both existing franchise cable and satellite television recep- 

1970*5 and had been available even longer for educational 35 tion systems. However, the current analog technology pre- 

use. In mid-1983, the FCC. invoking the need to promote sents several problems which have severely limited actual 

competition with conventional cable television systems, use of 'wireless cable'. 

established a change In the rules for using a portion of the Propagation characteristics at the relevant UHF operating 

microwave spectrum previously designated for educational frequencies require dear line-of-sigjit (LOS) between the 

use. In the past, 28 microwave channels had been available transmit and receive antennas for reliable service reception, 

to accredited and non-profit educational organizations for Both, natural obstructions such as hills and vegetation, and 

educational use exclusively by Instructional Television man-made obstructions such as buildings, water towers and 

Fixed Service (TITS) operators. The new rules reallocated the like, limit the actual households capable of receiving an 

eight of those channels for outright commercial use, and LOS transmission. FIG. 1A shows a simplified example of 

educational organizations were permitted to lease excess 45 onc sucn obstruction O. As illustrated, the obstruction O is 

hours on the remaining 20 channels to commercial opera- within the primary reception area P. The obstruction blocks 

tors. In any local market, this makes it possible for a line-of-sight transmissions from transmitter antenna tower T 

commercial operator to combine available time on any or all m a radially extending blockage or shadow area B. Recefv- 

of those 28 channels with five other channels already i n g systems within this area can not receive the transmis- 

available for commercial use. Thus, under the current FCC jq sions from antenna T, and potential customers in that area B 

rules, the available spectrum results in a m axi mum of 33 can not subscribe to the wireless cable services broadcast 

analog channels. This number of *wireless cable' channels is from that tower. 

less than the number offered on many competing franchise 0ne so [ u tion to the blockage problem has been to provide 

type cable television systems. repeaters. A repeater receives the primary transmission from 

Since 1983 spectrum blocks in the 2.1-2.7 Ohz range 55 tower T on the tower side of the obstruction, amplifies the 

have been allocated for the purpose of delivering video signal if necessary, and retransmits the signal into the area 

content from a single transmit site to multiple receive of blockage. This may be an effective solution to one 

locations. A total of 198 Mhz has been allocated for down- blockage or obstruction O, but in many major metropolitan 

stream transmissions for the wireless cable service. The areas there are many obstructions. The power levels of such 

channelization and transmission modulation (6 Mhz ampli- repeaters tend to be low, necessitating use of a large number 

tude modulation/vestigial side band) are equivalent to broad- of repeaters. Also, because of delays and multipara, effects, 

cast TV or cable but up-converted to the assigned micro- repeater transmissions may interfere with reception from the 

wave frequencies. primary source in areas close to the blockage area B. 

The relevant portion of the UHF spectrum was originally Overcoming blockages using repeaters together with the 

licensed in blocks of four video channels each separately 65 necessity for minimizing the attendant distortions that result 

licensed, with each block allocated to a specific purpose. when amplifying combined RF channels would therefore 

Five blocks, each with four channels, were allocated to require an inordinate number of repeaters. 
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In the industry, a nominal figure for households reachable include means for processing selected broadband informa- 

by LOS is 70%' even with a small, commercially practical tion from one of the channels to present broadband 

number of repeaters. This projected number, however, is information, as well as an RF packet data modem for 

based solely on computer models, not actual field measure- wireless communication of signaling messages to and from 

ments. It is believed that actual coverage by the current 5 the terminals via the public packet data network. The packet 

wireless cable technology in the UHF medium is consider- data network also provides wireless data communications to 

ably lower. Typical antenna heights required to achieve the other date devices, such as portable Pes. 

present level of coverage in commercial service are 800-plus The wireless packet data network provides the signaling 

feet for transmitters and 30-60 feet for receivers. That communication between terminal devices and a system 

means that many receive antennas must be mounted atop 10 providing interactive services. Use of this network doesnot 

inasts or nearby trees as an alternative to a rooftop mounting. nc up other valuable resources, such as telephone lines or 

While current regulations provide a 15 mile protected ser- broadband channels. Also, the use of the wireless packet 

vice area for MMDS, it is desired that effective system data network by other data devices provides an additional 

coverage for approximately 40-70% of the affected house- revenue stream to support development, deployment and 

holds may be achieved to a 40 mile radius from the trans- is operation of the wireless packet data network. 

_mittff r an t e n na anrt-using-relatively-low-roor^mounted The^ferred"embodinienTof the communication system 



receiving antennae wherever possible. utilizes a digital simulcasting system to broadcast the broad- 
Be sides signal blockage, several other propagation factors band information- A signal including multiplexed channels 
can affect reliable UHF service delivery. One factor is i s transmitted simultaneously from a plurality of spaced 
multi-path reflections of the desired signal arriving at the 20 transmitting sites. TTietransmittmgsitw propagate the signal 
receiver by way of differing paths and therefore arriving into substantially overlapping regions of at least a major 
with slight delay. For analog video signals, multi-path portion or the intended reception area. At the subscriber 
appears as ghost images on the viewer's TV. For digital premises, a terminal device receives the transmitted signal, 
signals, multi-path can cause intcrsymbol interference that At least a portion of the received signal is processed to 
results in multiple bit errors. In either case, near-coincident 23 acquire a digital transport stream from a selected one of the 
multi-path signals can cause a degree of signal cancellation multiplexed channels. At least a portion of the transport 
that looks like additional propagation loss. Multi-path also stream is presented, e.g. in a form that is sensorially per- 
results from reflections and diffraction. ceptible to a user. 

Path fading is another significant coverage factor. Time- The overlapping transmission or propagation areas reduce 

variant path fading can result from atmospheric effects, e.g., or eliminate blockage zones and effects of fading. This 

temperature or pressure inversions. Weather inversions can technique also limits the number of receivers effected by 

result in an upward bending of the wave front due to equipment outages. Typically, a directional receiving 

refraction. There are engineering measures to mitigate the antenna can be aimed toward at least one strong line-of-sight 

troublesome effects of time-variant path fading, such as ^ transmission source. 

suitable fade margins and antenna diversity. j 0 increase the number of programs broadcast by a 

In the paging and radio communication fields, various system operating in accord with the above simulcasting 

systems of sequencing and simulcasting have been proposed method, each of the multiplexed channels carries a multi- 

to achieve some increased coverage. Examples of typical plexed stream (transport stream) of digital data representing 

proposed systems are illustrated in FIGS. 2 and 3. The ^ a plurality of programs. The programs may be audio or data, 

related systems are described in U.S. Pat. Nos. 3,836,726, but in the currently preferred embodiment a number of the 

issued September 1974 and U.S. Pat. No. 5,038,403 issued broadcast programs comprise audio/visual information such 

Aug. 6, 1991. FIG. 2 illustrates a system utilizing sequenc- as television programming. In such a television system, each 

ing while FIG. 3 illustrates a system utilizing simulcasting. program is digitally encoded into compressed digital data. A 

As can be seen, the aim Is to cover a maximum area with 45 multiplexer combines the compressed digital data for a 

minimum areas of signal overlap. Even if someone sug- group of programs into one of the digital multiplexed data 

gested application to UHF Wireless Cable type streams for transport through one of the channels. The 

communications, such propagation fields would still exhibit presentation of one program to a user entails selecting one 

the above noted problems due to obstructions, multi-path of the channels, selecting data from the multiplexed stream 

interference and fading. 50 of digital data carried in that channel, and reproducing the 

Clearly an additional need exists for a broadband broad- selected data as the sensorially perceptible information. e.g. 

cast system providing increased propagation coverage and as an audio/visual output through a television set. 

reduced areas of blockages for broadcast video services Interactive services can be provided via the two-way 

and/or interactive service video signals. Any such system signaling communication through the wireless packet data 

should also provide an increased number of programs. 53 network For example, the user can send selections or other 

without requiring additional spectrum allocation. The sys- inputs upstream through that network, and the terminal will 

tern should provide good signal quality throughout the entire receive low speed information for processing and/or pre- 

reception area or service area. Accordingly, it is also desir- sentation to the user. The information may be displayed as 

able to inmirnize multipara interference and loss of service text or graphics overlays on broadband video information 

due to fading. 60 being output by the tenninat. 

_ , Alternatively, broadband downstream information may be 

DISCLOSURE OF THE INVENTION transmitted to the terminal via one of the broadcast channels. 

The present invention provides methods, systems and However, to service a large number of subscribers through 

terminal devices to address the above stated needs. The a limited number of broadcast channels, each terminal 

present invention contemplates combining a multi-channel 65 typically receives less than the equivalent of a full motion 

broadband digital wireless broadcasting network with a video program. One terminal may receive a short sequence 

public wireless packet data network. Subscribers terminals of full motion video, a sequence of frames producing limited 
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motion or one or more frames for selective still or freeze relating to interactive video services provides two separate 

frame type display revenue streams to support deployment and operation of the 

The provider of a broadband interactive service may P»<** nctwork - ^ me ^j* 8 P"** data 1 mod 5 ms 

tmxes ref^d to as a dtf. carouseL T*e ^ ™ni tors 5 ^K^cr^y ™*^^™^>^ packet data 

packet identifiers in the sequence and captiires pactos signaling relating to interactive services can 

having specified identifiers to obtain the data for selected fadlime ^taT^to interaWvity but does not tie up 

frames. Alternatively, the provider may assign an identifier subsaibcrs telephone lines during the interactive session, 

to a terminal for the duration of an interactive session and nG 4 ^ a high level functional block diagram of 

transmit selected information to that terminal in packets w ^ combined and dala networks olme^iesent^^ 

bearing the assigned identifier. tion. As shown, a broadcast headend 10 supplies a number 

Additional objects, advantages and novel features of the 0 f channels of digital broadcast video information to a 

invention will be set forth in part in the description which plurality of transmitters TX1 to TXN for concurrent broad- 

follows, and in part will become apparent to those skilled in casting. An interactive service headend 5 may also provide 

the art upon examination of the following or may be learned 15 digital broadband information on one or more channels 

^y_pn<^ce_of_the-mve^ radiated together with the broadcast channels from the same 

the invention may be realized and attained by means of the transmitters and antennae. The two headends 5 and 10 may 

instrumentalities and combinations particularly pointed out be separate as shown in FIG. 4 or combined into a single 

in the appended claims. system. 

^——^^—^ ^r, ™ 4 „„kt/ic 20 The transmitters TX1 to TXN broadcast the broadband 

BRIEF DESCRIPTION OF DRAWINGS ^^^y int0 overlapping portions of a 

FIG. 1 is a simplified diagram of a prior art wireless cable desired service area. A subscriber within the service area will 

television system. have a directional receiving antenna 38 aimed at one of the 

FIG- 1A shows service areas relating to a single wireless „ transmitters TX1 to TXN. The antenna 38 supplies the 

transmitter in the system of FIG. 1. broadband channels to a customer premises system 30 for 

FIGS. 2 and 3 show propagation areas for multi- processing. For broadband video signals, for example, the 

transmitter systems used in other types of prior art systems, customer premises system 30 recesses selected portions of 

e e nairinc signals to produce audio/video signals for driving a 

* FIG. 4 is a simplified functional block diagram of a so televisi <" "^device 75 

combined nerworklomprising a digital video simulcasting ™= ^ *™ « ™- 4 eludes a P ub ^ c WffC CSS 

system and a wfreless jacket data radio system in accord P«** *»* Tlw <tata network ^des wireless 

with the present invention. rda / transceivers 41, wirehne access points (WAPs) 43 and 

J ^ j i ^ a landline packet data network, shown as a frame relay 

FIGS. 5A and 5B depict exemplary propagation areas for ne twork 51 

simulcast transmissions into a receiving area, in accord with 35 . a , 

iV 4 . The customer premises system 30 is responsive to user 

the ere sent invention. . , . —- ™. . , , . 

Jv,„ „ , ^ . . . . . . . . inputs from a remote control device 85. These inputs include 

FIGS 6A and €B tether depict ui functional block rf ^ . ^ 

diagram form the elements of the broadband transmission ^ related to interactive services. In 

system used in accord with the present inventon. In this ^ ^ ^ tQ intcractiyc SCIviccs , mc cus . 

regard, FIG. 6A depicts the structure of the headends, and » tomer system & ^ broadcast packet data roes- 

FIG. 6B depicts the signal processing circuitry at the actual sagcs from a secoDd ^ 39. The second antenna 39 

transmitter locations. typically is a whip or dipole antenna mounted adjacent the 

FIG. GC shows an exemplary structure of an MPEG H directional receiving antenna 38 on a roof-top or chimney of 

type transport stream data packet broadcast by the system of ^ the customer's residence. 

FIGS. 6 A and 6B. The packet data broadcasts utilize a frequency band 

FIG. 7 illustrates the functional elements of a customer separate from the frequencies used for the video channels 

premises system used in the combined system of FIG. 4. ^ provide relatively low data rate communications, e.g. 

FIG. 8 illustrates in block diagram form the elements of 16-56 kbits/s. The transmission from the subscriber's 

one terminal device used in the system of FIG. 7. ^ antenna 39 may go directly to a transceiver 45 in a wireline 

FIG. 9 is a block diagram illustration of the elements of access point (WAP) 43 but typically goes first to one of a 

a transport interface module used in the terminal of FIG. 8. plurality of pole mounted wireless transceivers 41. The 



BEST MODE FOR CARRYING OUT THE 



transceivers and WAPs are located throughout the service 
area. 



INVENTION 55 The transceiver 41 performs a wireless relay function. 

The present invention contemplates the combination of a Specifically, transceiver 41 receives the message and 

digital wireless video broadcasting system, carrying broad- remodulates the message, onto a different frequency or using 

cast service signals and/or interactive service signals, a different spread spectrum code, for transmission to another 

together with a public wireless packet data network. The transceiver. In this manner, the message may be retransmit- 

packet data network supports normal data services, e.g. from 60 ted by one or several transceivers 41 in sequence until it 

a PC through the network to a host computer or to an reaches a transceiver 45 which is an element of a wireline 

INTERNET network interface. In addition, terminals of the access point (WAP) 43. 

digital wireless video system include wireless packet data The WAP 43 provides two-way data connectivity between 

modems for two-way data signaling through the packet data a number of the transceivers 45 and some form of landline 

network to a provider of the interactive video services. 63 data network. In the example shown, the WAP includes a 

The use of the wireless packet data network to provide router 47 connected to the transceivers 45 and aTl interface 

both data services and transport for signaling messages to provide aTl rate connection to a frame relay network 51. 
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Frame relay is a data service typically offered by the typically, broadband customers pay a monthly service 

telephone company's for relatively high rate information. charge for interactivity plus a per call charge for the duration 

Frame relay provides a data transmission technique mat of each interactive session. Both the data charges and the 

combines the high speed and low delay of circuit switching interactive service charges support installation and operation 

with the port sharing and dynamic band width allocation 3 of the packet data network. 

capabilities of X-25 or other packet switching. Like X.25, If appropriate, the PC 57 and RF modem 55 may conduct 

frame relay divides transmission band widths into numerous a session with the interactive headend 5. for example to 

virtual circuits and allows for bursts of data. order delivery of a particular message or piece of video 

In accord with the present invention* the frame relay information from that headend to a particular customer 

network provides a virtual circuit data connectio n to the *° premises system 30. Alternatively, a user of the PC 57 and 

"Interactive headend 5. In response to user inputs received via modem 55 might utilize the packet data transmissions to 

the packet data network and frame relay network 51, the access other data se rvices , such as the exemplary host 

interactive headend 5 may transmit selected information computer 59 or the INTERNET interface 61 shown in FIG. 

through one of the broadcast channels, as discussed more 4. The wireless data network will also carry data commu- 

later. 15 nications from the PC 57 and RF modem 55 to other similar 

^ternatrvtdyrlhe-uit^^ < not to thc settop tennmals for display on 



interactive service data back to the frame relay network 51. the television 75. 

The frame relay network in turn supplies the message to the In the presently preferred embodiment, the wireless 

WAP 43 for broadcast from the transceiver 45. The trans- packet data communication network utilizes components 

ceiver 45 addresses the message to the pole top transceiver 20 (modems, transceivers, WAPs) marketed by Metricom (Los 

41 that serviced the subscriber during the upstream Gatos, Calif, as part of the Ricochet wireless network. The 

transmission, and that transceiver retransmits the message to RF modems 55 and RF modems included in the customer 

the subscriber's antenna 39. The subscriber's antenna 39 premises equipment (see 212 in FIG. 9) utilize frequency 

supplies the relevant RF spectrum signals, including the hopping type spread spectrum communications in the 

message, to the customer premises system 30 for further 23 902-928 Mhz frequency band. The pole top transceivers 41 

processing. and the WAPs 43 are typically operated by a local carrier 

One or more elements within the customer premises who markets the data service, e.g. the local exchange 

system 30 recognizes an address in the received data telephone earner. 

message, and processes the data contained in the message. The frame relay network 51 is a service currently avail- 

The message information may control operation of a termi- able from many local exchange carriers. Although not 

nal device, e.g. to permit decryption of a pay-per-view shown, the frame relay network 51 connects to and will 

program. Alternatively, the message data may relate to continue to provide data service to a large number of 

interactive data for display on the associated television set landline data devices. 

75. For example, me data rnayr*oduce^ 3J A more detailed description of the broadband signal 

information such as sports scores, overlaid on the displayed transport in accord with the preferred embodiment follows, 

video information. The data may also produce displays of In the preferred embodiment of the present invention, 

overlaid icons facilitating further inputs relevant to the groups of broadband program signals are digitally encoded 

interactive service. and compressed, and the compressed program streams are 

The two-way signaling via the packet data communica- +q time division multiplexed into digital transport streams, 

tion facilitates interactive services requiring relatively low Each digital transport stream is modulated and/or upcon- 

down-stream data rates. For example, this signaling could verted into one RF channel, in the preferred embodiment a 

provide price information and ordering instructions for channel in the high end of the ultra high frequency (UHF) 

overlay on a home shopping channel, as well as a receipt microwave range (e.g. 2.1 to 2.7 Ghz), although other 

type display after a user orders a product. This signaling may 45 frequency channels could be used. Separately located trans- 

also permit a user to play along with a game show on one of nutters simultaneously broadcast a UHF frequency signal 

the broadcast programs or to order selected sports scores for containing all of the channels. The transmitter antennae are 

scrolling text display on the TV 75. The upstream signaling located and the transmitter emission patterns are designed so 

may also control transmission of information on one of the that the waves from the transmitters propagate throughout 

broadband channels, as discussed later. 50 substantially overlapping portions of the service area. 

The packet data communication elements of the system of The overlapping portions may extend throughout the 

FIG. 4 are not dedicated to the interactive service. The intended reception area. Existing regulations relating to the 

wireless data components 41. 43 and the frame relay net- relevant frequency allocations specify a primary service area 

work 51 will support a wide range of wireless data com- and a secondary service area. Within the primary service 

muni cations from other types of data services. For example, 55 area, the regulations protect the licensee from any interfer- 

a laptop PC 57 would have a wireless RF modem 55 ence on the relevant frequency channel. In initial impiemen- 

coonected thereto through a standard serial data interface. tations of the present invention complying with such 

such as RS232. The RF modem 55 conducts packet data regulations, the overlapping areas of propagation from the 

communications through the pole top transceivers 41. the multiple transmitters would cover at least a major portion of 

WAP 51 and the frame relay network 51 in essentially the so the primary reception area and preferably also cover a 

same manner as for the interactive services discussed above. substantial portion of the secondary reception area. Some 

Peak data usage, typically by business customers, occur in portions of the secondary reception area may be covered by 

the daytime. In contrast, peak interactive video usage by propagating waves from only one of the transmitters. All of 

residential customers occurs at night The wireless transport the primary and secondary areas would be covered by 

for data to and from data devices, such as PC 57, may be 65 propagating waves from at least one of the transmitters, 

hilled as a flat rate monthly charge plus either a fixed per call Ref erriog to FIG. 5A, the circle PA defines the Protected 

charge or a time and distance charge per call charge. Area or primary area which may be serviced from a trans- 
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nutting antenna TXl. At the present the radius of this circle It may be possible to aggregate rights to use all such 

is 15 miles. However, usable signal and acceptable reception channels, but to provide a commercially viable service, 

generally occurs to a radius of 40 miles which is here defined typically only 20-25 such channels are necessary. As dis- 

by the circle MA indicating the Maximum Area. The region cussed below, in the preferred embodiment, one RF channel 

between the 15 mile radius and the 40 mile radius forms a 5 is reserved for broadband interactive services. The broadcast 

'secondary* service area. According to the invention, all or headend 10 therefore typically comprises 19-24 of the 

part of the rights of the educational institution for ITFS Sources SI to SN, but may include as many as 33 such 

service are leased. Also, licenses are aggregated, from sources. 

companies currently licensed to use MMDS channels. Exist- The Sources SI to SN may convert analog program 

ing analog services (both ITFS and MMDS) are replaced by 10 information from video sources, (e.g. off-the-air feeds, sat- 

the new service which_wUl provide the original. Prog ram- elli te receivcrs>JVCRs 4 _ctc.). intO-compressed, digital-data 

mihydesired by the IIFS institution in addition to a mul- form. The headend 10 may also receive and process previ- 

tiplicity of programs made possible by the system and ously encoded material. 

method of the invention. In order to achieve this end, The video information, accompanying audio information 

simulcasting is utilized in a unique manner. < and certain related data (if any) are encoded using a stan- 

Refening to FIG. 5A there is shown one preferred dardized digitization and compression tcchiuque such as 
eir^odimenVofa smiuicast arranges 

nal antenna TX1 in addition to antennas TX2, TX3 and TX4 The preferred embodiment utilizes MPEG n encoding, 

disposed in a generally triangular configuration within or on FIG- 6A illustrates the overall architecture of the broad- 

the boundary of the Protected Area (PA). According to this ^ casting system. As part of the headend 10, that figure 

embodiment of the invention, all antennas radiate in an provides a simplified diagram of the source encoder 

omm-directional pattern in azimuth as indicated by the functionality, e.g. at SI, for preparing a group of original 

circles TX2-A, TX3-A and TX4-A. The central antenna TX1 analog source signals for transport through the network. As 

radiates out at a somewhat higher power to the maximum shown, each analog television signal, e.g. in NTSC format, 

area MA, in a manner permitted by existing regulations, as M is applied to an MPEG encoder 11. The encoder 11 digitizes 

discussed above relative to FIG. 1A. A major portion of the both audio and video for a program, and packetizes the 

protected area (PA) is overlapped by the signals from all compressed digital data in accord with the appropriate 

antennas TX1. TX2, TX3 andTX4. In the Maximum Area standard. The encoder may also encrypt the data before 

(MA) considerable overlap continues to exist but to a lesser insertion thereof into the transport packets, 

extent In this manner it has been found possible to reach ^ MPEG is a bi-directional predictive coding compression 

receivers in approximately 90-95% of the maximum area system, utilizing discrete cosine transformation (DCT) pro- 

(MA). cessing. Picture elements are converted from spatial infer- 

Referring to FIG. 5B there is shown a second preferred mation into frequency domain information. Compression 

embodiment of simulcasting utilizing directional antennas begins by discarding information to which eyes are insen- 

TX2, TX3 and TX4. In this embodiment the central antenna 35 sitive. From the remaining information, the encoder will 

TX1 retains its ornni-directional pattern. However, the develop reference (I) frames, predictive (?) frames and delta 

antennas TX2, TX3 and TX4 are provided as directional (B) frames. 

antennas radiating forward and backward lobes TX2F and The number of frames to be coded for each 1 frame is set 

TX2B for antenna TX2, TX3F and TX3B for the TX3 in the standardized MPEG syntax, e.g. one reference frame 

antenna and TX4F and TX4B for the TX4 antenna. In both 40 for each group of fifteen frames, or every half second. A 

the embodiments of FIGS. 5A and 5B it will be seen that prediction is made of the composition of a video frame, 

mere is a radical departure from the ipinimum overlap termed a P frame, to be located a specific number of frames 

approach which is conventional in the systems illustrated in forward and before the next reference frame, this specific 

FIGS. 2 and 3. number also is set in the MPEG syntax. Information from 

In a typical installation, the broadband transmitters TX1 45 previous video frames as well as later video frames is used 

to TX4 all broadcast the same program signals at approxi- in formulating the prediction. "Delta** or "B frame informa- 

mately the same time. The broadcasts from two or more of tion is developed for coding the video frames between the 

the transmitters may actually be simultaneous and in-phase actual and predicted frames, also by looking at frames in 

with each other. Others of the broadband transmitters may both directions. Rather than updating a whole frame, only 

broadcast the same signal but with predetermined time 50 ^e changed (or delta) information is provided for the delta 

offsets between the actual radiations from the respective video frames. Thus the total information coded, and then 

transmitter antennae. The presently preferred timing rela- transmitted, is considerably less than that required to supply 

tionships between the broadcasts from the multiple trans- the actual information in the total number of frames, 

mitters are discussed in more detail in U.S. patent apptica- Typically, between I frames, the frame sequence consists of 

tion Ser. No. 08/441,976 filed May 16. 1995 entitled 55 a repetitive succession of two B frames followed by one P 

"SIMULCASTING DIGITAL VIDEO PROGRAMS'* now frame. 

U.S. Pat No. 5,559,808, the disclosure of which is incor- The MPEG II standard provides a standardized format for 

poratcd herein in its entirety by reference. packetizing the compressed audio and video information and 

With reference to FIG. 6A, the broadcasting portion of the for transporting other data. Under the MPEG II standard, 

system includes a broadcast headend 10. The broadcast 60 incoming individual video signals and related audio signals 

headend 10 includes a number of Sources SI to SN for are encoded and packetized into respective Video and Audio 

producing digital transport streams, each of which contains Packetizcd Elementary Streams (PES). The video and audio 

a plurality of programs encoded as digital, compressed data. PES's from one or more sources of video programming may 

The number of such sources corresponds to the number of be combined into a super transport stream for transmission 

frequency channels available for broadcast service use in a 65 or storage. 

particular geographic region. Typically, the FCC licenses up Each frame of compressed program information (audio, 

to 33 channels of MMDS and ITFS services in a given area. video or data) is broken down into a series of transport 



07/27/2004, EAST Version: 1.4.1 



5,729,549 

13 14 

packets. Although the frames can vary in length, e.g. three 6 Mbits/s programs and three 3 Mbits/s programs 
between a full reference I-frame and a delta B-frame, the provides six programs for one RF channel, Le. a 6 to 1 
transport packets have a fixed 188 byte size (see FIG. 6Q. improvement Lower bit rates and/or more efficient modu- 
Thus, different frames are broken down into different num- Lation techniques can further extend the program capacity 
ben of MPEG transport packets. For example, in a 6 Mbits/s 5 provided through each RF channel, 
encoding system, a group of frames consisting of a total of in a typical example, there are at least three FID values for 
15 frames for one-half second of video (one I frame and a packets of a particular television type program encoded in 
number of P and B frames), breaks down into approximately MFEG H form, a first FTD value for packets containing 
2000 transport packets (or 4000 packets per second). video* a second PID value for packets containing audio and 

As depicted in FIG. 6C, each 188 byte transport stream to another PID value for a packet containin g a rxogram map. 

"packet consists ot at least two sections, a 4 byte packet There often are more than three FID's associated with the 
header section and either one or both of an optional adap- packets containing programming from one source. For 
tation field of variable length and/or a payload section. The example, there could be a data channel associated with the 
header information includes, inter alia, a synchronization program which would include data for closed captioning for 
byte, a variety of different flags used in reconstruction of the 15 the hearing impaired and/or related control signaling infor- 

-frames, and a-thirteen Ht program-identification (PID) — mation~There could be a "number of "audio elementary 
number. PID value 0 Is reserved as an indication mat the streams, for example, carrying respective different lan- 
packet includes program association table data. PID value 1 guages. The program map, in turn, specifies the PID values 
is reserved for identification of packets containing condi- for the various packets containing video, audio and/or data 
tional access data, such as encryption information. Other 20 from the particular source. 

program identification numbers are utilized to identify trans- in an MPEG super packet stream carrying packets for two 
port packets with the program or source from which they OT m0TC programs, the PID values for each program will be 
originate. unique, and each such program is assigned a unique program 

Periodically, the transport packet for each program will number (FN). For example, HBO might have a program 
also include a program reference clock (PRC) value within 25 number T, and the program map for HBO might be found 
the optional adaptation field. In a typical 6 Mbits/s MPEG in packets corresponding to PID 132. Showtime might have 
encoding system, the PRC is present in only 10 out of every a program number of '2\ and the program map for Show- 
4000 video transport packets. time might be found in packets identified by PID 87 and so 

When included, the optional adaptation field includes a form. The program map for HBO in the packet with FTD 132 
section for miscellaneous flags, such as discontinuity 30 would then identify the PID numbers for the actual pack- 
counter, private data flag, etc. One of the possible flags etized elementary streams (PES) for the video, audio and 
carried in this portion of the adaptation field is a program data (if any) channels associated with the HBO program, 
clock reference (PCR) flag. The adaptation field (AF) also The program map for Showtime in the packet with PID 87 
includes a section designated for AF options. One of the would then identify the PID numbers for the actual pack- 
options this section may carry is the PRC value. 33 etized elementary streams (PES) for the video, audio and 

On decompression, the decoder in sequence reconstructs data (if any) channels associated with the Showtime pro- 
the frames for a particular program from packets bearing the g ram « 

appropriate PID value, uses the reference frame to form the In the present embodiment, each multiplexer 12 outputs a 
prediction frames, and then uses the prediction frames and ^ group of MPEG encoded programs, i.e. four if the encoding 
delta information to construct full frames from the delta rate of all encoders 11 is 6 Mbits/s, at a combined payload 
frames. rate of 27 Mbits/s (it may be necessary to pad the stream 

The MPEG H standard facilitates time division multiplex- with dummy packets to reach the full 27 Mbits/s). The actual 
tog of MPEG packet from a plurality of programs. In the stream will include an additional 3 Mbits/s of forward error 
present system, the encoders 11 supply MPEG packet 45 correction information for a combined rate of 30 Mbits/s, 
streams for multiple programs to an MPEG multiplexer 12. although hereinafter for convenience the bit stream is gen- 
The number of programs may vary depending on the band- erally described by its 27 Mbits/s payload rate, 
width. The MPEG multiplexer 12 may receive digitized and The MPEG II standard also requires mat a packet stream 
compressed (MPEG) video from other digital sources It. containing packets relating to one or more programs 
Typical digital sources 11* include digital server (storage) 50 includes a program association tabic in a packet identified by 
systems and digital video transmission systems (e.g. satellite PID 0. The program association table maps each program 
or optical fiber). As discussed below, a typical multiplexed number with the PID value associated with the program map 
digital transport packet stream used in the present invention related to that source. In accord with the standard, each 
has 27 Mbits/s of payload capacity, A mixture of program MFEG II multiplexer 12 combines MPEG packet streams 
streams for individual programs at different individual rates, 55 for the four (or more) input programs and adds a PID 0 
e.g. 1.5 Mbits/s, 3 Mbits/s and 6 Mbits/s, are combined to packet containing the program association table to the 
fully utilize the 27 Mbits/s capacity. In one example, the 27 combined stream, In the above example, the program asso- 
Mbits/s ciation table would map program number '1* (HBO) with 

multiplexed digital transport packet stream might consist FID value 132 indicating that the program map for HBO is 
of three 3 Mbits/s programs and three 6 Mbits/s programs. $0 contained in repeating packets identified by PID 132. 
For simplicity of further discussion, however, assume Similarly, the program association table would map program 
encoding of programs at a 6 Mbits/s rate, therefore the number *2' (Showtime) with PID value 87 indicating that the 
multiplexer 12 combines four MPEG n packet streams of program map for Showtime is contained in repeating packets 
four such programs for output on each broadband rail. identified by PID 87. 

The simplified example therefore provides four programs 65 As discussed in more detail below, reception of a parti cu- 
for one RF channel, i.e. a 4 to 1 improvement over the lar digital program requires that the CPE terminal device 
existing single analog program channel. The other mix of know the RF channel transporting the program and the 
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program number (PN) associated with the program. The limited form of motion or a short full motion sequence of 

decoder uses the information contained in the PID 0 packet only a few seconds. The server will also store accompanying 

to identify the FID value for the program map for the audio. 

particular desired program, e.g. 132 in the above HBO The server outputs MPEG II bit streams for the interactive 

example, and uses the program map to identify the PID 5 broadband information to an MPEG multiplexer 12\ The 

values needed to capture the video, audio and user data (if multiplexer n is in structure and operation to the 

an S! f °l5!^ Cdpr ? gr ^ i. ™wvv/ • ^ ^ multiplexers 12 disrass^ above, exc^ that me imiltiplcxer 

The 27 Mbits/s payload (acmally 30 MWs mduding n Zcr*es data and/or image in bit stream form (rather than 

^LTZ* <^ on toscb *°? ° c T 1 C m P^ts) and packetizes and multiplexes the data and/or 

each MPEG multmlexer ttf^ :0 i^ges under rcdtime by a gateway 31. Althou gh npl_ 

goes to a modulator 13 A J^^^^- 1 ^^ se^^o^n^MPE G multiplexer 12' inclu des an 

used. U.S. Pat No. 5,231,494 to Wachob, me dtsdosure of M g£ G ^ cowfAiant packct nscmbte. The multiplexer 12' 

which is incorporated here* in its entirety by reference the image and data input thereto and multiplexes 

teaches quadrature phase shift keyed (QPSK) modulaUon of ^ ^ fl 2? (actUflll 3Q MWts/s 

a plurality of video, audio and data signals into a single data 13 iDcludin ^ forward error correction bits) MPBG H super 

stream within a standard six Mhz chaimel aUo^on for ^ transport-stream^ 

transmission over acable television" type distribution net- n mc $amc sped&cztiowi md standards require- 

wort The currently preferred implementation uses 64 QAM mcQts tf mc output by each of the multiplexers 12. 

(quadrature amplitude modulation) or 8 VSB (vestigial The Mannation me stream , however, relates to 

sideband) modulation techniques in the modulators 13 ^ intcractive saviccs and utilizes a larger number of PID 

Using W Q^,^hannels of 6 Mbite/s or a mix of 15 3 valucs t0 rclatin to a larger numbcr of 

and 6 Mbits/s encoded digital video^or^ up to a total „ ^ my ^Iw. 

of 27 Mbits/s together with 3 Mbits/s of forward error 4 . . ^ ^ , . c . 

correction formation can be modulated into one 6 Mhz J* ^f° u ^ 32 ^T^n^^ a 

bandwidth analog channel Higher or lower rates of forward « **** DCtwor ^ sh ° wn » ™- 4 ' ^ «t^e and 

error correction may be used?and a specific forward error routCT 32 <* nast a T L Wt f and frame reky 

correction technique is selected to provide optimum trans- ™?« ^^^T**^ ^ ^ *> 

port through the wireless broadband medlum/The choice of WAP 43 CRG. 4). The mtexface andtouter 32 provides 

mTforward error correction bit rate will result in an inverse two-way transport of data through the frame relay network 

modification in the niaximiim payload rate. Also, 256 QAM 30 wireless packet data knks, as discussed above. For 

crl6VSBwouldyieldupto40Mbits/sofpayloadcapacity * "dartmg individual interacbve services and for making 

(not counting bits added for forward error correction), e.g. « «tions or other interactive inputs relating to many 

for 6 channels of 6 Mbits/s or mixes of the various rate selected services, the upstream signahng messages go from 

encoded digital video information modulated into one 6 Mhz * c ****** and routcr 32 to thc 3L 

bandwidth analog channel. Each modulator 13 produces a 6 35 The gateway 31 is a computer which controls operation of 

Mhz bandwidth output at an intermediate carrier frequency. the interactive headend system in response to subscriber 

Each modulator 13 outputs the intermediate frequency ^puts and software programming stored in the gateway 

signal to an individual upconverter 14. The upconverter 14 computer. For example, in response to a particular user input 

converts the frequency of the QAM modulated signal up to received via the interface and router 32, the gateway 31 

one of up to thirty-three RF channel frequencies in the 40 »Wrt instruct server 33 to retrieve a particular MPEG 

5CM50 Mhz range. The upconverter 14 may be an element encoded image and output that image on a particular port, 

of the QAM modulator 13 or a separate element as shown The gateway 31 would also instruct the MPEG multiplexer 

hard wired to process the output of the QAM modulator. 12' to packetize the image on the assigned port and insert a 

Each upconverter 14 outputs a different 6 MHz bandwidth specific PID value in each of the packets. The gateway 

RF channel to an RF combiner 15 for combining with the 45 transmits a back to the terminal in the customer 

other 6 MHz RF signals from the other upcooverters 14. The premises system providing information necessary to capture 

RF combiner 15 thereafter outputs the combined RF signals and process the packets containing the image information, at 

in the normal video channel range of approximately 5(M50 lcast including the assigned PID number. The message from 

Mhz. The upconverters 14 and thc RF combiner 15 may be the gateway 31 goes back through interface and router 32, 

the same as components currently used for RF signal pro- 50 the f™* 5 relfl y network and the wireless packet data cora- 

cessing in cable television systems. munications to the customer premises system, as discussed 

FIG, 6A also illustrates the structure of an exemplary abovc rclativc to Ha 4 * 

interactive service headend 5. As shown, the interactive The gateway 31 may transmit other relatively low speed 

service headend 5 includes a server 33. The server 33 stores data back to the customer premises system through the 

a variety of video information in MPEG n encoded form, 55 frame relay and wireless packet data communication link. 

Although theoretically, the server could store and transmit This data may relate to text or graphics overlays or software 

full motion movies or other videos on demand, as a practical instructions needed to execute certain functions required by 

matter, there are too few RF channels available to make such particular interactive services. Alternatively, for similar data 

bandwidth intensive interactive services available through requiring higher rate throughput, the gateway 31 may pro- 

the wireless network here under consideration. In the pres- 60 vide the information to the MPEG multiplexer 12. The 

ently preferred embodiment, the video information stored in multiplexer 12* will encapsulate the information as MPEG 

server 33 for most interactive services consists of less than transport stream packets in the usual manner but will iden- 

the amount of information needed for a full motion video tify the payload as user data. 

type presentation of more than a few seconds. The interactive headend may also provide access to other 

As discussed in more detail below, the information from 65 networks offering interactive services . In the illustrated 

server 33 for a particular service typically consists of a example, the headend 5 includes an INTERNET interface 

sequence of still frames, a series of frames providing a 33'. The interface 33' provides a standard connection to the 
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INTERNET. For relatively low speed services, the easterner deiay(s) may take the form of coils of fiber in the optical 

premises system may access mis interface 33' through the transport paths so that differences in the time through each 

wireless packet data communications, the frame relay net- path produce the desired delays in transmission, 

work and the interface and router 32. If as a result of a Alternatively, one or more electronic delay devices may be 

session through the interface 33', the user selects informs- 5 imposed in the relevant paths, either at the headends prior to 

tion requiring broadband transport, the interface 33* will optical transport or at the respective transmitter location 

supply that information to the MPEG multiplexer 1Z far subsequent to conversion back to electrical signal form, 

processing. There may be as few as two transmitters. In a typical 

If the broadband mformahon from the interface 33 is ^ ^w^bc* central transmitter site TX1 and two 
data, the multiplexer 12* will packetize that data and *^o_orj^ 



-^^^ primary recepdon area (see e.g. FIGS. 



from the gateway 31. If the broadband information from toe 5Aand ^ 0 ne or both of the headends may be close to the 

interface 33' comprises bit mapped ******* * terfacc 33 ceQtml ^ntiXcr site TX1, therefore the transport distance 

supplies the information to an encoder IX. The^ encoder 11 ^ ^ ^ WQul(J ^ me shoitcst Msxmt now for 

encodes the bit mapped images as MPEG H standard I 15 mat TX4 is the longest distance from the headend and is 15 

frames Re ference fraras) an ^su p plies those frames to the miles from the central fransM 

MPEG midtiptexer 12" The MPEG multiplexer 12 pack- ^ device 19 will be equal to the difference in the time 

etizes the I frame images and multiplexes the resultant ' ^ ^ ^ si ^ ^ me heade nd to 

packets into the super transport stream in the same manna ^ WQ ^ plus me ^ aeeded to compensate for the 

as for images from the server 33. 20 difference in wireless RF propagation time from the corre- 

The 27 Mbits/s payload (actually 30 Mbits/s including sponding antennae to any commonly aligned receiving 

forward error correction bits) baseband digital output of the antennae. In this example, the delay results in a time off-set 

MPEG multiplexer 12' goes to another QAM modulator 13 transmission of the exact same signal from the antennae at 

identical to those discussed above. This additional modula- me two transmitters TX1 and TX4 of the type discussed in 

tor 13 outputs the intermediate frequency signal containing 25 dctajl m ^ incorporated application Sen No. 08/441, 

the interactive service information to another one of the c/7$ t now rj s Pat No 5,559,908. Similar delays (not 

upconverters 14. This additional upconverter converts the showD) ^ imposed in the lines 18 to the other trans- 

frequency of the QAM modulated signal up to one of the 6 JDiaa systcms M necessary. 

Nfflz wide RF channel frequencies in the 5CM50 Mhz range details of the transmitter systems 17, 

which has been assigned to me hro^d int^ve ser- 30 b ™ of „ le . Each transmitter system includes a 

vices. The upconverter 14 in the headend 5 outputs the \Z <>t ^ Z*Z* 11 ^^w,^ *I«~s»+~a 

assigned 6 MHz bandwidth RF channel to the RF combiner \Vl^3?^™^ 
15 fo cornbining with the other 6MH2 RF signals for the 

broadcast services. The output of the RF combiner in the < 5 ^ 5 ° ^fi 1 " 

5(M50 Mhz range theref ore includes both the broadcast 35 ^ 

j . ir_ . , . r the upconverters 24 converts that channel into one of the up 

services and the RF channel canying the broadband urfor- ^L.^ available (Ucensed) channels in the UHF 

rnahonrel^gtothemteracttvesemces. microwave range. An RF power amplifier 23 amplifies each 

A transmission network supplies the combined spectrum cnanne L 

signal in the UHF range from the combiner 15 to a number ... L L , . t 

of^nsmitter systems 17, to 17^ The transmitter systems 40 A ^ ^J^g*?** "^f^" 8 ^ *"» ^ 

17, to 17„ correspond to the ^ansmitters TX1 to TX4 example HG 6B shows a delaydevice 26] proems- 
described above wiih respect to FIGS. 5A and 5B. Although *S <* «"* of the upconverters 24. The delay 
coaxial cable, wireless microwave relay transmissions or Evicts 26 provide precise delay compensation on each 
other media could be used, in the preferred embodiment, the respective channel to compensate between variations in 
transmissions from theheadend 10 ride on epdeal fiber lines 45 throughput processmg time of the vmc4is components al 

18, to 18„ In the preferred embodiment, an electrical to transmitter sites operating on the signal to be 
optical converter system 16 converts the signal from com- broadcast on a particular microwave channel 

biner 15 into the necessary number of optical signals for A microwave combiner 25 combines the UHF channel 
transmission over a plurality of optical fibers 18! to 18^ An signals back into a combined spectrum signal in the UHF 
optical to electrical unit 20 (FIG. 6B) at each transmitter site 50 range and supplies that signal to a microwave broadcasting 
converts the optical signal back to the combined electrical antenna 27. Each transmitting antenna may be an omni- 
signal and supplies that signal to one of the transmitter directional antenna or a directional antenna depending on 
systems. whether the transmitter serves as a primary transmitter or a 
One feature of the present invention relates to the precise secondary traiismitter. The antenna 27 emits UHF waves to 
timing of the simulcasting, ie. simultaneous or concurrent 55 propagate through a portion of the service area. The trans- 
broadcasting with specified time delays or offsets between netted microwave signals propagate into substantially over- 
various transmissions, of the combined spectrum UHF sig- l*P?m portions of the service area and into some non- 
nal from all of the transmitter antennas TX1 to TXN. The overlapping portions of that area, for example in patterns 
optical fiber signal transmission from the headends 5 and 10 ^ch as shown in FIG. 5A. 

to the transmitter systems requires some finite amount of 60 The above discussion of the headend and transmission 
time. Typically, the transmitter systems will not be equi- systems is one example of an overall system far providing 
distant from the headend In fact one of the transmitter the substantially simultaneous broadcasts with predeter- 
sy stems (e.g., the primary transmitter) may be in the same mined time offsets from multiple transmitters having sub- 
building as the broadcast headend 10. To insure broadcasting stantiaUy overlapping propagation areas. Other headend and 
with the desired time offsets discussed above, the system 65 transmitter systems could be used. For example, the head- 
shown in FIGS. 6 A and 6B therefore includes some form of ends 5 and 10 could perform the digital multiplexing, and 
delay 19 in one or more of the transport lines 18. The the transport network to the transmitters TX1 to TXN could 
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carry the multiplexed transport streams in digital form. In back down to the Yideo channel band of 50-450 MHz. The 
such a case, the individual transmitter systems would further block down-converter supplies the 5CM50 MHz combined 
include at least the QAM modulators for each RF channel. spectrum signal through a splitter/combiner 69 and a coaxial 
In such a system, the transmitters may include means to cable to one or more terminal devices 100 located at various 
digitally delay broadcast transmissions a predetermined 5 places in the subscriber's home. The coaxial cable carries 
amount with respect to some common clock, e.g. from a downstream only signals in the 50-450 MHz range. The 
geo-positioning type satellite system, to achieve the desired coaxial cable also carries two-way packet data messages in 
time-offset transmissions. a predetermined higher frequency range, e.g. 902-928 MHz. 

FIG. 7 provides a high-level functional diagram of a The splitter/combiner 69 and an associated two-way high- 
customer premises receiving system at one subscriber's 10 pass filter 67 permit two-wa y transmission of signals 
-preim^s~arweU~av$everaTof the wireless system compo- between the coaxial cable and the second antenna 39. In the 
nents communication with the customer premises system, preferred embodiment, the data signals utilize the 902-928 
Each subscriber has a broadband service receiving antenna MHz frequency band, therefore the filter 67 passes signals 
38. In accord with the preferred enu^odiment, the receiving above approximately 900 MHz, However, the splitter/ 
antenna 38 is a directional antenna. Typically, the receiving 13 combiner 69 and filter 67 blocklower frequency signals, e.g. 

antenna.comprises an elliptical dish shaped antenna 18-36 50-450- MHz signals from me downconverter Mrfrom 

inches long, formed of parallel curved elements. In the passing to the antenna 39. The splitter/combiner 69 blocks 
preferred embodiment, this antenna has a horizontal field of passage of signals back upstream toward converter 34 and 
view (defined by 3 db drop off in signal strength at the broadband receiving antenna 38. 

boundaries) of approximately 12 degrees. The receiving 20 Each terminal 100 includes some form of wireless signal 
antenna may have a front-to-back rejection ratio of 30 db or processor 35 for processing a selected one of the 6 MHz 
more. channels to recover the digitally multiplexed transport 

At most potential receiving sites, it will be possible to aim stream carried in that channel Hie wireless signal processor 
the antenna 38 toward a single one of the transmitters and 35 also includes data packet processing circuitry for sending 
receive line-of-sight transmissions therefrom. Transmissions 25 and receiving data over the frequency range assigned to the 
from one transmitter, e.g. TX2, may be blocked by an wireless packet data communications (e.g. 902-928 MHz), 
obstruction (not shown), but at many receiving sites line- Each terminal 100 connects to an associated television set 
of-sight transmissions from at least one of the other 75. The digital signal processor 37 processes data packets 
transmitters, such as 1X1, is more likely to be unobstructed. ^ for the selected program from the multiplexed stream to 

At installation, the directional antenna 38 is aimed at the produce signals to drive the TV 75. The TV 75 presents the 
one or more of the transmitters TX1 to TXN which produces program to the viewer in sen serially perceptible form, in this 
the strongest received signal through the antenna at the case, as a standard audio/visual output 
subscriber's particular location. Even so, the antenna Although not shown in FIG. 7, other data devices can 
receives multiple copies or replicas of the transmitted wave- J5 connect to the coaxial cable in the home. For example, a PC 
form signals. These multiple copies include a primary direct and RF modem similar to 57, 55 in FIG. 4 can connect to the 
line-of-sight transmission of a signal from the transmitter the coaxial cable and conduct wireless packet data communi- 
antenna is directed towards together with delayed copies cations using the roof-top antenna 39. 
(typically attenuated and distorted) caused by multi-path piQ. 8 illustrates the functional elements of the terminal 
reflections of the transmissions from one or more of the ^ iqq. xn (his embodiment the terminal 100 is a digital 
multiple broadcast sites. Also, at locations where two trans- entertainment terminal, or 'DET.' Hie DET 100 will include 
mitters fall within the field of view of the receiving antenna a transport interface module (TIM) 101 providing the actual 
38, the antenna 38 would receive a first copy of the com- physical connection to the coaxial cable network in the 
bined spectrum transmission from the closest transmitter as subscriber' s premises. The transport interface module (TIM) 
well as a second copy transmitted from the more distant of 45 i#l w flj perform the format conversion necessary 
the two aligned transmitters. between signal formats utilized by the network and signal 

The present invention therefore contemplates inclusion of formats used within the digital processing portion of the 
some form of delay processing in the receiver to compensate DET 100. In the present invention, the TIM performs RF 
for the reception of multiple delayed copies of the transmit- tuning and QAM demodulation. If the programming is 
ted program signals. The presently preferred embodiment 50 encrypted, the TIM also includes the necessary decryption 
discussed below utilizes a delay equalizer. As an alternative, circuitry. The TIM 101 also includes an RF wireless packet 
the processing circuitry could utilize spread spectrum data modem for two-way signaling communications relating 
technology, as discussed in more detail in commonly to interactive services. The TIM 101 is the wireless signal 
assigned U.S. patent application Sen No. 08/405,685, filed processor 35. The main portion of the DET 100 serves as the 
Mar. 17, 1995, now U.S. Pat No. 5,659353, entitled *Tele- 55 digital signal processor 37. 

vision Distribution System and Method." Because of the in the illustrated embodiment, the transport interface 
time off-sets imposed on the transmitters, the two copies of module (TIM) 101 presents two connections to the rest of 
the signal may arrive simultaneously; and if not me DET, a high bit rate broadband connection for received 
simultaneous, they will arrive with a time difference within broadband signals and a low bit rate signaling connection to 
the processing window of the particular delay processing ec permit control and monitoring of the TIM by a micropro- 
device. The spread spectrum implementation also reduces cesser 110 within the main portion of the DET and two-way 
the need for direct line-of-sight reception. communication of signaling messages relating to interactive 

The receiving antenna 38 supplies the 2.1 to 2.7 GHz services. For a selected channel, the TIM hands off the 27 
spectrum (through appropriate filtering not shown) through Mbits/s baseband digital transport stream (payload only) 
a preamplifier 12 and a bandpass filter 36 to a block 65 captured from that RF channel to the main portion of the 
down-converter 34. The block down-converter converts the DET. The structure of the TIM 101 is described in more 
2.1 to 2.7 GHz signal, containing all of the RF channels, detail below with regard to FIG. 9. 
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The DET 100 includes a CPU 105, comprising a 386, 486 backdrop plane would be switched in to replace the plane 

or Pentium microprocessor 110 and associated system representing the decoded MPEG video frames, e.g. to 

memory 120. The system memory 120 may include volatile present a blue background instead of the MPEG video 

dynamic RAM 122 and non-volatile RAM 121. The micro- background 

processor 110 includes a small amount of ROM 115 storing 5 When there are no graphics or text, the composite frames 

"loader" programming needed to control wake-up. An would correspond entirely to the uncompressed received 

EPROM memory (not shown) also may be added. video frames output by the MPEG video decoder 129. When 

A digital audio/video signal processor 125, controlled by no received video frames are to be output, either when none 

the CPU 105, produces digital uncompressed audio and are received or when they are to be entirely replaced, the 

video signals from the audio and vi deo MPEG encoded 10 information from the g raphics ove rlay_generatQr-133-Would— 

pacbeis i^ived fromTthe networSTlhrough the interface specify a background and the active planes of text or graphic 

module 101. The audio/video processor 125 includes an information. When received video frames are combined 

MPEG system demultiplexer 127, an MPEG video decoder with text and/or graphics, the composite video frames 

129, an MPEG audio decoder 131 T a graphics overlay include the uncompressed received video frames with 

controller 133 and at least two frames (eg. 8 mbytes) of 15 selected pixels thereof replaced with graphics or textual data 

video RAM 135. display pixels specified by the graphicsoveriay controller" 

The MPEG system demultiplexer circuitry 127 recog- 133. In this last situation, the graphics overlay controller 

nizes packets in the MPEG data stream received over the would deactivate the backdrop plane, 

broadband channel through the transport interface module The DET also includes audio and video digital to analog 

(TIM) 101 and routes the packets having predetermined FID 20 converters and appropriate drivers to produce output signals 

values to the appropriate components of the DET. For compatible with a conventional television set Specifically, 

example, under CPU control, the MPEG system demutti- the converter and driver circuitry of the DET 100 includes 

plexer 127 circuitry recognizes audio and video packets in audio digital to analog converters (DACs) 135^, 135*, an 

the MPEG data stream as audio and video relating to a audio mixer 136, an NTSC encoder 137, and an RF modu- 

selected program and routes those packets to the decoders 25 later 139. 

129, 131, respectively. The MPEG system demultiplexer The DACs 135 L and 135* receive the uncompressed left 

circuitry 127 routes packets having specified FID values and right digitized audio signals output by the MPEG audio 

identified as user data packets to the CPU 105 for further decoder 131. Id response, the DACs 135 L and 135* produce 

processing. The MPEG system demultiplexer circuitry 127 baseband analog audio signals for output to individual 

recognizes program map packets and program association baseband output terminals. The audio mixer 136 also 

packets and supplies those packets to the CPU 105. receives the baseband audio signals from the DACs 135^ 

The MPEG video decoder 129 decompresses received and 135*. The mixer 136 combines the left and right analog 

video packet signals to produce a digital video signal, and audio signals to produce a monaural audio signal as the 

the MPEG audio decoder 131 decompresses received audio 35 audio input to modulator 139. 

packets to produce left and rigjht digitized stereo signals. For The NTSC encoder 137 also performs a digital to analog 

at least some functions, the MPEG decoders 129, 131 may converter (DAQ function. In response to the digitized video 

be controlled in response to signals from the miaoprocessor output signals from the video RAM 135, the NTSC encoder 

110. The MPEG video decoder 129 will internally include at 137 produces a baseband analog video signal in standard 

least two frames (e.g. 8 mbytes) of RAM (not separately ^ NTSC format TTie baseband NTSC video signal is supplied 

shown) for use as a frame reorder buffer during die MPEG to an output terminal of the DET 100. The baseband NTSC 

video decoding process, and the MPEG audio decoder 131 video signal is also supplied to the RF modulator 139. The 

also may include some buffer memory. RF modulator 139 responds to the mono audio signal, the 

The video RAM 135 is not a specialized "video RAM" as NTSC video signal and an RF signal from a local RF 

that term is sometimes used in the television art The RAM 45 oscillator 141, to produce a standard RF television signal on 

135 is actually a standard digital data RAM. of appropriate an available TV channel typically channel 3 or channel 4 . 

size, which is used in the DET to store digitized frames of The type of connection of the DET 100 to the television 

video data. The RAM within the MPEG video decoder 129 set depends on the capabilities of the user's television set If 

likewise consists of standard digital data RAM. the user has a monitor type television capable of receiving 

The graphics display generator produces displays of text 50 baseband video and stereo audio inputs, the appropriate 
and graphics data, such as closed captioning received as user terminals of the television would connect directly to the 
data in the MPEG stream, in response to instructions from video and audio output terminals of the DET 100. If the 
the CPU 105. The video RAM 135 sequentially receives subscriber does not have such a television monitor, then the 
each frame of digitized, uncompressed video information, as RF output of the modulator 139 would be connected to the 
output from the MPEG video decoder 129, The video RAM 55 cable or antenna input connection of the television, e.g. by 
135 also receives digital information and read/write control coaxial cable. Alternatively, the digitized video and audio 
signals from the graphics overlay controller 133 represent- may go to separate output terminals (not shown) for con- 
ing the several planes of text and graphics information and nection to inputs of digital display devices, for example, for 
combines that information with the frames of decompressed high definition television (HDTV) sets, 
video to produce composite video frames. 60 Each DET also includes means to receive selection sig- 

The graphics overlay controller 133 and the video RAM nals from a user. The DET may include a built-in keyboard 
135 actually cooperate to manipulate five different planes of (not shown). In the embodiment illustrated in FIG. 1, the 
video information, four of which can be active at any one DET 100 includes an infrared (TR) receiver 145. The (IR) 

time, to produce the composite video fame output signals. receiver 145 responds to inputs signals from a user operated 

The individual planes comprise the decoded MPEG video 65 IR remote control device (not shown) similar to that used 

frames, a cursor, two graphics/text image planes manipu- today for controlling televisions and video cassette record- 
lated by the microprocessor 110 and a backdrop plane. The ers. In response to the IR signals, the receiver 145 produces 
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corresponding digital data output signals. The microproces- demultiplexer 127 and decompression circuitry as shown in 

sor 110 interprets the digital data signals by the IR receiver detail in FIG. 8 The TIM controller 21# and/or the decryp- 

145 as input commands. For example, the microprocessor uon module 207 receive instructions from the CPU 105 

U0 will respond to an appropriate input command from the (FIG. fc) as to channel and program selections via the 

user to select a broadcast program as discussed in more 5 TDAfDEY interface 209. 

detail below. The CPU 105 also sends and receives messages relating 

FIG. 9 depicts in block diagram form the structure of a to interactive services to the TIM controller 210 via the 

TIM 101. The structure illustrated is based in part on the TTM/DET interface 209. The TIM 101 includes an RF 

current preference for the 64 QAM modulation techniques modem 212, such as Ricochet modem offered for wireless 

for the digital video signals in transmission system of the 10 packet data service in the 902-928 MHz ranee. The modem _ 



type shown in FIGr6rThc input to the TIM is a broadband 212 interfaces to the TIM controller 210 via a standard data 

RF signal in the 50-450 MHz range provided from a coaxial interface, such as an RS232 interface. The modem 212 also 

cable from the down converter 34 (see FIG. 7). The tuner connects to the coaxial cable within the customer premises. 

201 selects a specific 6 MHz channel from the broadband The modem 212 sends and receives packet data messages in 

input spectrum and presents it at an intermediate frequency 15 the relevant frequency range via the coaxial cable and the 



to the di g ital communication s receiver section 203. second antenna 39.- 

The digital receiver 203 includes a band-pass filter, a For cxamp i C( if the user inputs a page selection using the 

demodulator (e.g. 64 QAM), a tune domain adaptive digital remote control & during a ^ 1^^^ session, 

equalizer, and forward error correction circuitry. A clock the infrared transceiver 145 supplies that input to the micro- 

circuit provides synchronization for the digital output of the pocket 110. The microprocessor 110 recognizes the input 

demodulator, the adaptive digital equalizer, and the forward as rclatmg to ^ interactive service selection, formulates an 

error correction circuitry. appropriate message and forwards that message via the 

The time domain adaptive digital equalizer receives the interface 209 to the TIM controller 210. The TIM controller 

output of the QAM demodulator. Because of the multi-path 25 210 in turn forwards the message to the RF modem 212. The 

delays and possibly offset arrival of the overlapping trans- modem 212 packetizes the message as required for the 

missions from multiple transmitter sites, the output of the particular wireless packet data network (e,g. in packets 

demodulator will not be a clean digital pulse stream. Instead, having a predetermined length and haying particular 

the signal will be a composite of time delayed copies of the addresses or identifiers). The modem modulates the packets 

transmitted digital information. The time domain adaptive ^ using the assigned frequency and modulation techniques 

equalizer includes a multi-tap digital delay line, the length of utilized on the particular wireless data network. Assuming 

which defines the time window of the delay equalizer. The U se of the Metricom type equipment the modem utilizes a 

outputs from the taps of the delay line may be weighted and frequency hopping modulation technique in the 902-928 

SUMMED, and the sum processed by a level detector or the MHz range. The modem applies the modulated upstream 

like to recapture the original symbols (e.g. Is and 0s of a J5 signal to the in-home coaxial cable, 

digital stream). Examples of digital delay c^ata^ whfch ^ ^ modulatcd sigaal 

may be used in the receivers of the present invention are ^ . M . ft Tv n „ , ^ 

Ascribed Id Proakis. "Digital Communications » second ^ «hc sphtter/combmer 69 (FIG 7). The sphto/combmer 

edition, 1989. McGraw-Hm. Inc.. chapter 6. although still » «*» P*" *»* 67 "W* * c "^^ TtS f ™ 

s . J • , . ; ohJu-A #^kT:~\,™ antenna 39 for wireless transmission to one of the pole top 

other types of delay equalizers known to skilled technicians ^ r 

may be used. The forward error correction circuit processes recc vers * 

the recaptured symbols (e.g. Is and 0s) to determine if each In the reverse direction, a pole top receiver 41 broadcasts 

is in the proper position in the stream, a packet message using the appropriate modulation tech- 

A control interface provides appropriate control signals to nique and frequency. The packet includes an address tem- 

the elements of the digital receiver 203 in response to 45 porarily or permanently assigned to the terminal 100. The 

instructions from the transport interface module (TIM) con- antenna 39 receives the broadcast data signal and supplies 

troUer 210. The digital receiver processes signals selected si S nai through the low pass filter 67 and the splitter/ 

from one of the RF channels by operation of the tuner 201 combiner 69 to the in-home coaxial cable. The RF modem 

to capture one of the digital transport streams <e.g. only 27 212 receives and processes the relevant portion of the 

Mbits/s payload assuming 64 QAM). The digital processor 50 f™*"™^ spectrum (eg. 902-928 MHz) from the coaxial 

outputs the transport stream as a corrected serial baseband cable. The modem 212 demodulates the data transmission in 

digital feed, mat frequency range and recognizes packets bearing the 

a a j 1 ^«*r ♦ *j 1 xf 'haIh^ui address assigned to the terminal 100. The modem passes the 

A decryption module 207 is optional. If included, mis Tr *u a - w dcit) ™. 

. . , . ^ . t , r . , . . ™, messages from the addressed packets over the RS232 or 

module controls access to digital broadcast services. The * ♦t^™* ^Jln^m tv^t™ 
, * 1 . , . „ . . „ other interface to the TIM controller 210. The TIM control- 
decryption module 207 comprises a decryptor and an inter- 55 , „ A . . 4 . £ ^ 
* * i_i . . . ui ler 210 may process the message, if appropriate, e.g. if the 

face to a renewable security device 211. The renewable f f * a~ ^/Ta\ J7t * u „^,,1k, *u- 

^ .1 • a ^ on, message relates to a decryption function. Alternatively, the 

security device 2ll may be a card reader for accepting a TV "I, 6 ... .„ ;J _ k^nu/niTr 

^ J . A , 1? TIM controller will pass the message through the TTM/DET 

Pass Cant An access control processor within the decryp- , * „_ , # . \. iin tL ™ a ;„ ™rti™ 

. . . *\Mm ^_ t ^ £ il j , . r interface 209 to the microprocessor 110 in the mam portion 

Hon module 207 controls the operation of the decryptor. As f nPTlOO 

discussed more below, the TIM controller 210 may also 60 ot DK1 

receive decryption information as signaling messages, via Messages transferred to the microprocessor 110 may 

the packet data network and the RF modem 212. When relate to display information, e.g. text or graphics for overlay 

properly authorized, the decryptor in module 207 decrypts on video information displayed by the DET 100 on the 

payload data within packets of a selected program in the associated television 75. The messages may also relate to 

transport stream. The composite MPEG transport multiplex 65 instructions to the DET, for example to capture and process 

with appropriately decrypted components for the selected packets having a predetermined PH> in a particular manna 

program is output from the TIM 101 to the host DETs to display a selected page of catalog information. 
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Broadcast Service Selection Alternatively, the gateway 31 may transmit back text or 

The system memory 120 of the main portion of fee DET graphics information soliciting an event selection. 

100 will store a channel map for the digital broadcast After selection, the gateway 31 instructs the DET 100 to 

programs available through the system. For each program *M«y a me f sa « e jesting ccmfirmation of the purchase 

service, the map mdudef Monition defining a logical 5 of the particular event, and the DET forwards a con&rmtion 

network channel number for the program The logical chan- b \ * e J| S€r ^ * e ^^J^lt 
nelnumb^ 

paneldisplay (not shown) or on fee scree* lof the associated ^ ^ at least a decryption key 

television set 75 and isfee number fea^userinputs via ^ preferably incl udes the program number fo r the event 
the remote control to select the prograra For each program,- 1U ^ e g^^ay 3x^0 records the event purchase in the 

the map also includes RF channel information needed to subscriber's billing account 

tune to fee RF channel carrying fee program and the nt m| 2 1Q utilizes the RF channel number 

program number (PN) uniquely identifying the program tom thc DEr gy^m memory 120 to activate the tuner 201 

within fee multiplexed digital transport stream. t0 tune t0 roe identified channel. The TIM 101 uses thc 

Whe n the us e r se l e ct s a di g i t al b r oa dca st rattg j - ain^e^-profflam^ 

microprocessor 110 in the main portion of fee DET accesses identified by PID 0 and fee program map to identify fee 

fee listing for that channel in fee channel map stored in fee packets carrying audio, video and data (if any) for the 

system memory 120. The microprocessor 110 supplies a program. The decryption module 207 uses fee decryption 

message containing thc RF channel number and the program key received from the gateway 31 to de scramble the infar- 

number (PN) to fee TEM controller 210 via interface 209. In 20 mation in fee payloads of fee packets of fee pay-per-view 

response to the RF channel Dumber, the TIM controller 210 program. As a result, feeTIM 216 passes digital signals from 

activates fee tuner 201 to tune to the identified channel. If fee the RF channel through fee interface to the MPEG system 

program is encrypted, fee HM uses fee program number, fee demultiplexer 129 in the main portion of fee DET wherein 

program association table in the packet identified by FID 0 fee information for the selected pay-per-view program is 

and the program map to identify the packets carrying audio, 25 now in unencrypted form. 

video and data (if any) for the program. If authorized to The MPEG demultiplexer 127 supplies information from 

receive the program as indicated via fee renewable security the PID 0 packet, Lc. fee program association table to the 

device 211, fee decryption module 207 uses a decryption key CPU 105. The microprocessor 110 uses fee program number 

from its memory or from the renewable security device 211 ^ (PN), e.g. from the gateway 31, to identify the PID value for 

to descramble fee information in fee payloads of fee packets the correct program map from fee program association table, 

of the selected program. As a result, the TIM 216 passes The CPU 105 supplies feat PID value to fee MPEG demul- 

digital signals from fee RF channel through fee interface to tiplexer 127. When the MPEG demultiplexer 127 receives a 

the MPEG system demultiplexer 129 in the main portion of packet containing feat FID, it supplies information from fee 

fee DET wherein at least fee information for fee selected packet identified by fee PID (fee program map) to fee CPU. 

program is now in unencrypted form. From the program map, the CPU identifies the PID values 

The MPEG demultiplexer 127 supplies information from for fee video and audio for fee program and instructs fee 

the PID 0 packet, Le. the program association table to fee demultiplexer 127 to supply those packets to the respective 

CPU 105, The microprocessor 110 uses the program number MPEG decoders 129, 131 to begin MPEG decoding of fee 

(PN) from the channel map stored in system memory 120 to w selected pay-per-view event for presentation to fee user via 

identify the PID value for fee correct program map from fee the associated television set 75. 

program association table. The CPU 105 supplies that PID The above discussion has concentrated on fee preferred 

value to the MPEG demultiplexer 127. When the MPEG embodiment which broadcasts video programming. It 

demultiplexer 127 receives a packet containing that PID, it should be noted, however, feat fee system may additionally 

supplies information from the packet identified by the PID 45 transport other types of programming, such as audio, data 

(fee program map) to fee CPU. From the program map, the and/or telemetry. 

CPU identifies the PID values for the video and audio for the Interactive Services Through a Broadband Channel 

program and instructs the demultiplexer 127 to supply those when a user selects an interactive service, the DET 100 

packets to fee respective MPEG decoders 129,131 to begin w jj] initiate a call through the wireless packet data network 

MPEG decoding of thc selected program for presentation to ^ ^ me frame network to the gateway 31 in fee 

fee user via the associated television set 75. interactive headend 5. The packet data network and associ- 

The system of the present invention also facilitates real ated frame relay network will utilize a standard signaling 

time impulse pay per view of broadcast programs. To order protocol, such as X.25, to set up virtual circuit(s) for a 

a pay-per-view event, the user would indicate a purchase two-way data communication between the gateway 31 and 

request to the DET 100 via appropriate activation of fee 55 the DET 100. The gateway 31 will execute an authentication 

remote control 85. The microprocessor 110 supplies a pur- routine to determine the identity of the calling terminal 100 

chase request message to fee TIM controller 210 via fee and determine whether that terminal currently is authorized 

interface 209. The TIM controller 210 first instructs the RF access to fee interactive services offered by the headend 5. 

modem to execute a sequence of steps to initiate a wireless The gateway 31 will also initiate any records necessary to 

packet data call through the public packet data network to bill the end user for fee interactive session, 

the gateway 31. The gateway 31 and fee DET 100 exchange Once fee session is set up, fee gateway 31 and the DET 

a series of messages via the established data link to validate X00 can exchange data messages relating to an interactive 

the Identity of the terminal and authorization for a user of fee service. In response to at least some messages from the DET 

terminal to purchase pay-per-view events. 100, the gateway 31 will control other elements of the 

If authorized to purchase an event, the gateway 31 and the 65 headend 5 to transmit selected information through a broad- 
terminal 100 exchange messages to identify the event The band channel to fee calling DET 100 for presentation via the 
event may be fee program currently selected by the user. television set 75. 
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Because of the capacity to carry broadcast digital video replaced by a subsequent video frame from die video 

signals, the use of the DET ISO in the network of FIG. 4 decoder 129. The repeated output of the one frame produces 

offers an extremely wide range of broadcast services. As a still or freeze frame type image on the associated television 

noted above, full motion interactive services, such as video- 73. 

on-demand, could be available through the network. j ^ following are two methods by which a service 

However, full motion interactive video ties up bandwidth ^ offers or c^og-type services over the 

which would otherwise carry afiill digitally encoded broad- network of mGS , 4 <S A .<iBand7 using the DET discussed 

cast program, for the entire length of the interactive session ^ incorporated by one pro- 

Accordingly. only a small number of subscribers could j -T„ . . T~ . ^ ' v 

access such Interactive services at any one time. The present 10 vld » ^ 8 session, 

invention therefore provides broadband interactive services 10 One app roach for prov i ding interactive sessions with 

to-a large™unu^of subscribers -6y-man^ulIu^hTfiEf numy vtewersTBvolves cyclic transmission of large numbers 

to capture and display individual frames and/or short of frames from the server 33 over one of the digital broad- 

sequences of frames. Each such frame uses only a very small <* annels - ™ e servic « P 1 ™ 6 " «* ^ » » 

portion of the transport capacity in one super transport „ Pi 8 ^ 5 j^P™ (c ' g -' a catalog) u atote number 

stream. The frames could be interspersed within the streams 13 °f *ffEG I-Frames or pages output through the multiplexer 

containtogjheJiroadcast-progr^ U\-the-iiK>diiktor-»-Md-imco^ 

embodiment illustrated in FIG. 6A, these frames are carried transmission on the assigned one of the RF channels. The 

in a separate transport stream and on a separate RF channel » conttriuously loops through aU of the pages in the 

Such interactive services allow many subscribers to access „ for broadcasting as part of the transport stream 

information transported in the one digital dot. 20 c f ricd °° *■* cnannd - ™« broadcast transport stream 

In a network offering interactive services using less than «*«*vety forms a repeating data carrousel of packets 

fall motion real time broadband capacity, the stfll frame, full rel ^* a senes of P* es OT and ^ociated audio 

motion video segments and graphic image services are all 811 

provided by the interaction of three distinct systems, the „ tnis interactive service, when a viewer initiates the 

transport system, the DET hardware and operating system, interactive session, the viewer's action in choosing to go 

and application software code stored in or downloaded to the interactive causes the DET 100 to initiate an interactive 

DET. The application software code will manage the viewer session with (he viewer using the frame relay and wireless 

interface and present to the viewer the content contained in packet data signaling networks, as discussed above. The 

the MPEG II elementary streams and in the messages carried ^ gateway 31 executes a handshaking routine to verify the 

over the wireless packet data signaling link, as discussed in identity of the terminal 100 through messages exchanged via 

detail above the wireless packet data network and the frame relay net- 

For a service offered through the interactive headend 5, wort **** handshak J n 8^ * c R atcwav 33 instructs the DET 

the receiving operation of the terminal 100 is generally 100 toough the signahng link to tune to the RF channel and 

similar to that for the broadcast services discussed above 35 d™xtatale ^formation on that chaimeLTOe gateway 33 

except that the tenrunal receives and processes a limited ™* J* 0 ™* instructions to decrypt selected packets 

number of frames of audio, video and data Mormation. from mc transport stream on that channel 

instead of a lengthy full motion audio/video sequence. In a A PID number identifies one repeating program stream 

full motion video type service, such as the broadcast within the digital channel, and various individual frames in 

services, the audio/video processor 125 typically will pro- 40 that stream can be identified by frame number (encoded as 

cess thirty frames per second of video in addition to accora- part of the header). There may be only one repeating 

panying audio information. For the interactive services, the program stream (one PID) on the digital channel slot, or a 

audio/video processor 125 may process a short sequence of plurality of repeating streams (PUT s). 

full motion information, e.g. several seconds, but normally The gateway 33 initially issues a command through the 

that processor receives and processes frames at lower rates. 45 signaling link to the DET 100 to capture and freeze on an 

More specifically, the TIM 101 will select and process the introductory i-Frame selected by the provider (identified by 

RF channel in the 50-450 MHz range carrying the interac- PID and frame number) from the cyclical transmission. The 

tive broadband information from the headend 5 in precisely menu presented by that frame could be a navigation menu or 

the same manner as for one of the RF channels in that range a catalog index or the like. 

carrying broadcast programming. The TIM 101 hands off the 50 As the viewer makes subsequent selections via the remote 

27 Mbits/s transport stream to the MPEG system demulti- control 85 and DET 100. the gateway 31 would issue frame 

plexer 127. The MPEG system demultiplexer 127 selects number commands (and new PID value commands if 

certain packets by PID value and supplies the payload needed) through the signaling link to the DET 100, to 

information therefrom to the appropriate decoders 129 and capture and lock up display on the newly selected 1-Frames 

131. However, for still frame or limited motion sequences, 55 or pages from the cyclical stream of frames or pages. Audio 

the packets occur relatively infrequently in the super trans- frames would be captured, decoded and output in a similar 

port stream and represent only a single video frame or a manner. Each individual viewer may see a different indi- 

short sequence of video frames. vidual frame from the cyclical transmission for some finite 

In operation, the video decoder 129 processes a frame and period of time. At any one time, however, a number of 

supplies the frame information to the video RAM 135 in the 60 viewers may elect to view the same I-frame from the 

normal manner. The frame remains in the RAM 135 until it broadcast data stream. One example of a page which is often 

is replaced. In a full motion sequence, the frame is replaced viewed by many users, often at the same time, would be the 

immediately after one readout thereof. However, for a initial menu or introductory frame for the particular service, 

limited motion sequence or still frame display, the frame This scheme allows a single repeating sequence carried on 

remains in the RAM 135 for longer than one read cycle. The 65 one channel to serve all viewers. The number of frames or 

frame in the RAM 135 therefore is repeatedly cyclically pages per second that can be transported is limited only by 

output from the RAM 135 to the NTSC encoder 137 until the channel bandwidth or transport payload capacity avail- 
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able for this service. For any given bandwidth or payload In the main portion of the Dm, the MFEu system 
capacity, the number of frames is limited only by the length demultiplexer 129 captures the packets identified by the 
of time in a full cycle of the available pages. A longer cycle assigned PID value. Those packets containing software code 
time increases the number of pages, but it also increases the are identified as user data, and the MPEG system demulti- 
avcrage time to cycle through to a desired frame, capture the 3 plexer 129 passes the payload information from those pack- 
frame and display me image to the user. e tg to the microprocessor 110. The microprocessor recog- 
Another approach to interactivity using a limited amount nizes the information as software code and stores the code 
of broadband channel capacity involves dynamic sharing of i D the RAM 122 as application programming. After comple- 
one of the digital channel slots. With this interactive service, ^ on of ^ downloading of the software to the RAM 122, the 
when a viewer initiates the interactive session, the viewer's 10 microprocessor ll Obegins executing application- code^ 

action in choosmRip^o.intera^^ included on that software. The application code controls 

100 to initiate an interactive session with the headend 5 via operation G f the DET 100 for the duration of the interactive 

the wireless packet data and frame relay signaling networks. session ^ umfl mc code ^ over oy Dew ly down- 

The gateway 31 again executes a handshaking routine to loaded code 

verify the identi* of^t^ m a^mc^ „ Commool ^ „ us< , UcaAoa Sw . No , 
exchanged via the wireless packet data network and inc_. Q * . ° ^T^^n—taax-T ZZ^^, ™ 
-fran* Vnetwo*^^^^ S« ^SJiSSSSSJS 

parucukr uteracuve service. The channel may be different Ucatkm * 08/250.791 filed onMay 27, 1994 
butj^enblybtosameas^ „ docket no . 6S ^ G) entitlcd TjyJ^y 

ttansmissions in the catalog soviet sample discussed ^ ^^J^ Tm J£„ provide more 

J^' __ . ... detailed descriptions of techniques for downloading appli- 

The gateway 31 assigns a PID to the viewer, preferably softwar ^ ^Obani networks, and the dis- 

for the duration of the interactive session. Hie gateway 31 ^ mereof „, incorporated herein in their entirety by 

supplies this assigned PID value to the server The gateway ^ re f erence 

31 also supplies the PID value and any necessary decryption ' , „ .„ ^ 

information to the DET 100, using the signaling link through As part of to initial download, the server 33 wUl transmit 

the frame relay and wireless packet data networks. The DBT one « more of f £ 'T 

100 can now begin capturing and processing packets bearing " «» e systonjnemory 120 of die DET 100. Once the 

the assigned PID value from the transport stream on the 30 application software and as^atedunages and audio reside 

particular RF channel. in memory in the DET, the DET need not access the 

™^ , _ , . , , . broadband link again unless additional broadband miorma- 

wwiuuau ^vouuuwitwaiv^wvi . ^ . . _ The broadband channel will provide similar application 

frames for use in the interactive session. In a typical V t , 4 , . , *T .„ _ ^^v. . . 

i j . j ^ - u • • * - if!..™ downloads to other terminals and will transport other broad- 
example, a download at the be tannine of a session would 35 ... - . , . _ r 

~T u T, . . 5 B . *• band information to other terminals. The virtual circuit 

include both software code and one or more frames of image . . . _ . , . . , ^ 

informatioa Subsequent downloads wouM include addi- ^tL^Tt ffi S.twevefS 

tional images and infrequently may include some new . * ' 7 1^ * ^ 1 * ^ 

softwarecSle needed tolontinue the interactive session. rernam up for me duraUon of me toe^ve session. 

More specifically, the gateway 31 outputs application 40 The downloaded wJ^^c^are cxKle wdl control 

software MPEG multiplexer 12' and insects that the presentaUon of the st^ frames to me viewer as weU 

multiplexer to en^e *e software code ta packe* jES^yE^ 

having a specified PTD value. The multiplexer 12' includes w T uuww-uvc uwwuu rummvum 

the packets having the software code and the assigned PID cation code and frames may continue ^as J die viewer moves 

valuTas part of the 27 Mbits/s super transport stream 45 through the interactive service. ^^^J^ 

broadcast Z the assigned channel TT* software transrnis- ^ ^ ^ nierr^ me ^cation frame 

sion may be a one tmie transmission or a cyclically repeating akeady viewed. The lirmtaUonoo this method is the amount 

transmission. The transport stream is broadcast on one of the of available memory in the DET 100. 

RF channels and processed by the TIM 101 in exactly the As the viewer requests pages or the service flow process 

same manner as transport streams for one of the broadcast 50 caUs for additional pages, the gateway 31 instructs the server 

service channel. 33 to output I-Frames for those pages or other still images 

Using the data link via the frame relay network and the * c multiplexer 12 to encapsulate all informa- 

wireless packet data network, the gateway also provides *on from^sejpages ^ images id packets containing die 

necessary deckling information to the terminal 100. TTie viewer's PID The mutoplexer, modulator andiipc^nverter 

gateway 31 at least supplies the PID value assigned to the 55 therefore continues to dehmthe I-Rames in NO>EG packet, 

software dowdoadingoperation. If the software ^formation idcntlficd b y * c PID wcr ^ ^ broadcast chsm ~ 

is encrypted, the gateway 31 also supplies Ihe decryption ncl * 

key. As noted above, the TIM 10 1 has been instructed to tune The gateway 31 and server 33 may also place a sequence 

the relevant RF channel. Using the RF channel, the PID of MPEG frames in transport packets identified by the 

value and the decryption information, the TIM selects the 60 assigned PID value. The viewer's DOT 100 captures and 

RF channel and processes the packets having the specified displays each frame identified by the assigned PID. This 

FID value in order to hand off to the main portion of the DET shared transmission can provide still frame display of each 

the 27 Mbits/s digital transport stream from the RF channel individual I frame as well as display of sequences of limited 

through the interface to the MPEG system demultiplexer or full motion video using sequences of MPEG frames. 

129 in the main portion of the DET, wherein at least the 65 The gateway and server similarly assign a PID for audio, 

information in at least the packets identified by the assigned and the DET captures, decodes and outputs audio informa- 

PED value is now in unencrypted form. tion which the server places in MPEG packets identified by 
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the assigned PID. The shared transmission can also be used 
for subsequent downloading of both application software 
code and frames for storage and later use. 

Depending on the precise nature of the service, the server 
33 could be as simple as a PC with an associated storage 
device, such as a hard disk or CD ROM, storing an appro- 
priate number of individual frames of audio and video data 
and any application software to be downloaded. 

In addition to the catalog service discussed above, the 
limited bandwidth interactive services can be used alone or 



10 



Another service which the limited frame transmission 
techniques might offer would be a travelogue type service. 
Using either the cyclical transmission technique or the 
assigned PTD value transmission technique, such a service 
would provide one or more series of still frames depicting a 
selected foreign locale. Each individual user could pass 
through the locale in a different manner by selectively 
obtaining alternate frames from the service. Such a service 
preferably utilizes both transmission techniques in combi- 
nation. Initial travel location choices would appear in menu 



in various combinations in a wide variecy__oXar^UcatLons pages- transnnttedas- part of the cy clical transmission and 



that require some transport capacity less than that for a long 
sequence of real-time full morion video. For example, still 
frames in a data carrousel might represent views down a 
street or a corridor of a mall and the fronts of "stores* 1 selling 
products or services. As the viewer elects to move from one 
point to another, - an assigned FlJJ transmission approach 
could be used to transmit a sequence of frames to simulate 
motion down the street or mall corridor. If the viewer selects 
a particular store, still frames could be presented to illustrate 
products in the store in a manner similar to the catalog, but 
sequences of frames could provide limited motion through 
the store and/or for providing changing perspective views of 
selected products. Two-way data transmissions through the 
signaling link could be used to effectuate actual ordering and 
credit card payment for items a viewer chooses to buy. 

The still frame transmissions discussed above also offer 
an advantageous low capacity transport for various menus. 
The menus may relate to broadcast services, e.g. listing the 
broadcast programs/channels currently offered through the 
system. Such menus can relate to individual services, such 
as video games offered via the interactive service channel, 
The application software downloaded and stored in the DET 
memory would control the DETs responses to viewer 
selection of items from each different type of menu. In one 
specific example, the DET 100 might capture I-frames from 
the cyclical transmission to obtain a menu of broadcast 
channels and/or program guide information relating to pro- 
grams currently available on the broadcast channels. 
Alternatively, the gateway and server might download sev- 
eral pages of menus and guide information as part of the 
initial application download procedure when a viewer first 
begins a particular interactive session. 

The above discussions of both the cyclical frame trans- 
mission service and the shared digital channel service using 
assigned PED values assumed transmission of the frames for 
such services on a digital channel separate from those used 
for the full motion digital broadcast video services. If the 
still frame services require transfer of small amounts of 
broadband information, e.g. a single frame every two sec- 
onds or so for a menu or the like, the packets carrying the 
frame(s) for such a service could actually be periodically 
interposed among MPEG transport packets for the full 
motion broadcast video services. For example, if the frame 
represented a menu of broadcast services, one frame of 
menu data could be transmitted over each RF channel 
carrying broadcast services. The menu frame transmission 
could repeat at relatively long intervals, e.g. once every two 
seconds or longer. The broadcast service provider might also 
choose to modify the menu over time to provide up to date 
information. As a program running in the background of the 
normal full motion video and audio processing, the DET 100 
would capture and store the menu frame in memory each 
time the DET 100 detected the menu frame. At any time that 
the user selects display of the menu, the DET 100 would 
retrieve the frame from memory and provide a display of the 
most recently received menu information. 
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captured as needed by the DET for display. Certain data 
relating to associated purchase options, e.g. to buy airline 
tickets and make hotel reservations, might be downloaded 
and stored in DET memory together with the application 
j>rggram_ondejiMng an assigned HP. number -Transmission — 
of the frames illustrating movement through a selected 
locale and individual user selected still frame views of that 
locale would utilize the shared transmission based on a PID 
number assigned to the viewer's DET. The short motion 
sequences and still frame views would essentially provide a 
virtual reality stroll through the selected travel locale. One 
viewer selecting Paris, France, for example, might choose to 
stroll through the Louvre museum, whereas another viewer 
selecting Paris might choose to stroll or ride a boat down the 
Seine past Notre Dame cathedral. The DET 100 transmits all 
upstream messages relating to the interactive service, 
including relevant user input information, via the virtual 
circuit through the wireless packet data network and the 
associated frame relay network. 

While mis invention has been described in connection 
with what is presently considered to be the preferred 
embodiment, it is to be understood that the invention is not 
limited to the disclosed embodiment, but, on the contrary, is 
intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the 
appended claims. 
We claim: 

1. A communication system comprising: 

a headend system producing a signal containing multi- 
plexed channels, each channel carrying a transport 
stream comprising multiplexed streams of digitized 
broadband information; 

at least one broadband wireless transmitter for broadcast- 
ing the signal into a service area; 

a two-way wireless packet data network; 

a plurality of receiver systems within the service area, 
each receiver system comprising; 

(i) an antenna for receiving a wireless transmission of 
the signal. 

(ii) an interface module processing the received signal 
to select one of the channels and acquire a transport 
stream from the selected channel, 

(hi) a digital signal processing section for processing 
digitized data from a selected stream of digitized 
broadband information contained in the acquired 
transport stream to present selected broadband 
information, and 
(iv) an RF modem for two-way communication of 
signaling messages to and from the receiver system 
via the wireless packet data network, 
wherein the interface module comprises: 
means for selectively receiving the selected channel; and 
means for demodulating a signal from the selected chan- 
nel to acquire the transport stream from the selected 
channel, 
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wherein the RF modem is an element of the interface 
module. 

2. A communication system as in claim 1, wherein said at 
least one broadband wireless transmitter comprises a plu- 
rality of transmitters located at spaced apart sites transmit- 
ting said signal containing multiplexed channels so that 
areas of propagation from respective ones of the transmitters 
substantially overlap over each other in at least a major 
portion or the service area. 

3. A communication system as in claim 2, wherein the 
-receivffig^tema"coimmses^ antenna* 

4. A communication system as in claim 1, wherein each 
receiver system further comprises an antenna coupled to the 
RF modem for transmission and reception of signals 
between the RF modem and the two-way wireless packet 
data network. - — — — 
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15 



section in response to certain of the user input infor- 
mation and transmits messages through the RF modem 
in response to other user input information. 

10. A communication system as in claim 9, wherein the 
RF modem receives messages via the two-way wireless 
packet data network and in response thereto supplies infor- 
mation to the programmed central processing unit 

11. A communication system as in claim 10, wherein in 
response to at least some information supplied by the RF 
-modein,4h« pro^ammed central prc<essmg ttnitxauses^me- 
digital signal processing section to generate a display of said 
at least some information. 

12. A communication system, comprising: 

a headend system producing a signal containing multi- 



5. A communication system as in claim 1, wherein the 
two-way wireless packet data network comprises a public 
network, said coinmunication system further comprising: 

a data device; and 

an RF modem coupled to the data device for providing 
two-way data communications for the data device via 
the wireless packet data network. 

6. A communication system as in claim 1. wherein the 
two-way wireless packet data network comprises a plurality 
of wireless transceivers for providing wireless communica- 
tions with RF modems. 

7. A communication system as in claim 6, wherein the 
two-way wireless packet data network further comprises at 
least one wireline access point in wireless communication 
with the plurality of wireless transceivers, said communi- 
cation system further comprising a landline packet data 
network coupled for two-way packet data communication 
with the wireline access point. 

8. A communication system as in claim 7, wherein the 
landline packet data network comprises a frame relay net- 
work. 

9. A communication system comprising: 

a headend system producing a signal containing multi- 
plexed channels, each channel carrying a transport 
stream comprising multiplexed streams of digitized 
broadband information; 

at least one broadband wireless transmitter for broadcast- 
ing the signal into a service area; 

a two-way wireless packet data network; 

a plurality of receiver systems within the service area, 
each receiver system comprising: 

(i) an antenna for receiving a wireless transmission of 
the signal, 

(ii) an interface module processing the received signal 
to select one of the channels and acquire a transport 
stream from the selected channel, 

(iii) a digital signal processing section for processing 
digitized data from a selected stream of digitized 
broadband information contained in the acquired 
transport stream to present selected broadband 
information, and 

(iv) an RF modem for two-way communication of 
signaling messages to and from the receiver system 
via the wireless packet data network, 

further comprising: 

a control for supplying user input information to the 
receiver system, and 

a programmed central processing unit wherein the pro- 
grammed central processing unit controls selection by 
the interface module and the digital signal processing 
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stream comprising multiplexed streams of digitized 
broadband information; 
at least one broadband wireless transmitter for broadcast- 
ing the signal into a service area; 
a two-way wireless packet data network; 
a plurality of receiver systems within the service area, 
each receiver system comprising: 

(i) an antenna for receiving a wireless transmission of 
the signal, 

(ii) an interface module processing the received signal 
to select one of the channels and acquire a transport 
stream from the selected channel, 

(iii) a digital signal processing section for processing 
digitized data from a selected stream of digitized 
broadband information contained in the acquired 
transport stream to present selected broadband 
information, and 

(iv) an RF modem for two-way communication of 
signaling messages to and from the receiver system 
via the wireless packet data network, 

further comprising an interactive headend system gener- 
ating one of the transport streams in response to sig- 
naling messages received via the wireless packet data 
network. 

wherein the interactive headend system comprises: 
a server outputting selected frames of video information; 
a packet data multiplexer for packetizing and multiplex- 
ing the selected frames of video information into the 
one transport stream; and 
a gateway processor responsive to signaling messages 
received via the wireless packet data network for 
controlling the server and the packet data multiplexer. 

13. A communication system as in claim 12, wherein: 
the server stores and outputs frames of video information 

in digitized compressed form in MPEG format and 
the packet data multiplexer comprises an MPEG multi- 
plexer. 

14. A system as in claim 12, wherein said interactive 
headend further comprises an Internet interface outputting to 
said packet data multiplexer digitized broadband Internet 
data in response to second signaling messages received via 
the wireless packet network, said packet data multiplexer 
packetizing and multiplexing said digitized broadband Inter- 
net data into the one transport stream. 

15. A system as in claim 14, wherein said interactive 
headend further comprises an encoder receiving said digi- 
tized broadband Internet data as bit mapped video data and 
outputting encoded frames for transport on said one trans- 
port stream. 
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16. A communication system comprising: 

a headend system producing a signal containing multi- 
plexed channels* each channel carrying a transport 
stream comprising multiplexed streams of digitized 
broadband information; 

at least one broadband wireless transmitter for broadcast- 
ing the signal into a service area; 

a two-way wireless packet data network; 

a plurality of receiver systems within the service area, 
each receiver system comprising: 

(i)_an antenna for recciving a wireless transmission of- 

the signal, 

<ii) an interface module processing the received signal 
to select one of the channels and acquire a transport 
stream from the selected channel, 
(iii) a digital signal processing section for processing 
digitized data- froma selected stream of "digitized 
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broadband information contained in the acquired 
transport stream to present selected broadband 
information, and 
(iv) an RF modem for two-way communication of 
signaling messages to and from the receiver system 
via the wireless packet data network, 
further comprising an Internet interface receiving user 
selection messages from at least one of said receiver 
systems and outputting digitized broadband Internet 
information to said headend system in response to the 
received user selection messages, said signal produced 
by said headend system carrying said digitized broad- 
band internet information on one of said multiplexed 
systems. 

17. A system as in claim 16, wherein said headend system 
comprises a packet multiplexer that converts said digitized 
Internet broadband information into data packets each hav- 
ing a portion of said Internet broadband information and a 
packet identifier, said data packets being output on one of 35 
said multiplexed streams of digitized broadband informa- 
tion. 

18. A system as in claim 17. wherein said headend system 
further comprises an MPEG encoder receiving said digitized 
broadband Internet information as bit mapped images and ^ 
outputting encoded MPEG frames to said packet multi- 
plexer. 

19. A system as in claim 17, wherein said packet multi- 
plexer receives from said Internet interface second Internet 
broadband information representing broadband data other 
than said bit mapped images. 

20. A system as in claim 19, wherein said two-way 
wireless packet data network supplies said user selection 
messages to said Internet interface. 

21. A system as in claim 16, wherein said two-way 
wireless packet data network supplies said user selection 
messages to said Internet interface. 

22. A communication system comprising: 
a headend system producing a signal containing multi- 
plexed channels, each channel carrying a transport 
stream comprising multiplexed streams of digitized 
broadband information; 

at least one broadband wireless transmitter for broadcast- 
ing the signal into a service area; 

a two-way wireless packet data network; 

a plurality of receiver systems within the service area, 
each receiver system comprising: 

(i) an antenna for receiving a wireless transmission of 
the signal, 

(ii) an interface module processing the received signal 
to select one of the channels and acquire a transport 
stream from the selected channel. 
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(iii) a digital signal processing section for processing 
digitized data from a selected stream of digitized 
broadband information contained in the acquired 
transport stream to present selected broadband 
information, and 

(iv) an RF modem for two-way communication of 
signaling messages to and from the receiver system 
via the wireless packet data network, 

further comprising an interactive headend system gener- 
ating one of the transport streams in response to sig- 
gjnessage^receivcd-via-the-wireless packet-data- 
network. 

wherein said interactive headend system comprises an 
Internet interface outputting digitized broadband Inter- 
net data in response to said signaling messages, said 
one transport stream output from the int eractive head- 
— end carrying said digiuze^ broadband Internet data. 

23. A system as in claim 22, wherein said interactive 
headend further comprises a video encoder receiving said 
digitized broadband Internet data as bit mapped video data 
and outputting encoded frames for transport on said one 
transport stream. 

24. A communication system comprising: 

a headend system producing a signal containing multi- 
plexed channels, each channel carrying a transport 
stream comprising multiplexed streams of digitized 
broadband information; 

at least one broadband wireless transmitter for broadcast- 
ing the signal into a service area; 

a two-way wireless packet data network; 

a plurality of receiver systems within the service area, 
each receiver system comprising: 
(1) an antenna for receiving a wireless transmission of 
the signal, 

(ii) an interface module processing the received signal 
to select one of the channels and acquire a transport 
stream from the selected channel, 

(iii) a digital signal processing section for processing 
digitized data from a selected stream of digitized 
broadband information contained In the acquired 
transport stream to present selected broadband 
information, and 

(iv) an RF modem for two-way communication of 
signaling messages to and from the receiver system 
via the wireless packet data network. 

wherein said at least one broadband wireless transmitter 
comprises a plurality of transmitters located at spaced 
apart sites transmitting said signal containing multi- 
plexed channels so that areas of propagation from 
respective ones of the transmitters substantially overlap 
over each other in at least a major portion of the service 
area, 

further comprising an Internet Interface receiving user 
selection messages from at least one of said receiver 
systems and outputting digitized broadband Internet 
information to said headend system in response to the 
received user selection messages, said signal produced 
by said headend system carrying said digitized broad- 
band Internet information on one of said multiplexed 
streams. 

25. A system as in claim 24, wherein said headend system 
comprises a packet multiplexer that converts said digitized 
Internet broadband information into data packets each hav- 
ing a portion of said Internet broadband information and a 
packet identifier, said data packets being output on one of 
said multiplexed streams of digitized broadband informa- 
tion. 
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26. A system as la claim 25. wherein said headend system 
further comprises an MPEG encoder receiving said digitized 
broadband Internet information as bit mapped images and 
outputting encoded MPEG frames to said packet multi- 
plexer. 

27. A system as in claim 25, wherein said packet multi- 
plexer receives from said Internet interface second Internet 
broadband information representing broadband data other 
than said bit mapped images. 

28. A system as in claim 27, wherein s aid two-w ay 
-wireless-packetdatanietworlrrsu^ selection" 

messages to said Internet interface. 

29. A system as in claim 24, wherein said two-way 
wireless packet data network supplies said user selection 
messages to said Internet interface. 

30. A digital ente rtainmfrDt tenDinal-CornprisiiiK: 
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a channel selector for coupling to a broadband receiving 
antenna and selecting one of a plurality of channels 
from a signal from the broadband receiving antenna; 

a channel signal processor for processing the one channel 
to acquire a digital transport stream carried on the one 
channel, said digital transport stream comprising mul- 
tiplexed streams of compressed, digitized audio and 
video information; 

an audio/video processor responsive to selected 
compressed, broadband digitized audio and video 
information from said digital transport stream to pro- 
duce signals for driving an audio/video display device; 

means for receiving inputs from a user; 30 

an RF modem for two-way communication of signaling 
messages via a wireless packet data network; and 

a control processor controlling operations of the channel 
selector and the audio/video processor in response to at 
least some of the received inputs from the user, sending 35 
messages through the RF modem and processing mes- 
sages received via the RF modem. 

51. A digital entertainment terminal as in claim 30, 
wherein the channel selector comprises an channel fre- 
quency tuner. 

32. A digital entertainment terminal as in claim 30, 
wherein the channel signal processor comprises a demodu- 
lator. 

33. A digital entertainment terminal as in claim 32. 
wherein the demodulator comprises a QAM demodulator. 

34. A digital entertainment terminal as in claim 32, 
wherein the channel signal processor further comprises 
forward error correction circuitry. 

35. A digital entertainment terminal as in claim 32, 
wherein the channel signal processor further comprises a 
delay equalizer coupled between the demodulator and the 
audio/video processor. 

36. A digital entertainment terminal as in claim 30, 
wherein the audio/video processor comprises: 

an audio/video decoder for decompressing the selected 55 
compressed, digital information from the transport 
stream to produce a decompressed video signal and a 
decompressed audio signal; 

a graphics overlay controller, controlled by said control 
processor, for generating graphic display information; 
and 

means for combining the graphic display information with 
the decompressed video signal. 

37. A digital entertainment terminal as in claim 36, 
wherein the audio/video decoder comprises: 

an MPEG video decoder, 



an MPEG audio decoder; and 

an MPEG demultiplexer for selectively routing MPEG 
encoded video and audio packets carried on the digital 
broadband channel to the MPEG video decoder and the 
MPEG audio decoder, respectively. 

38. A digital entertainment terminal as in claim 36. 
wherein the audio/video processor further comprises output 
means responsive to a signal from the means for combining 
and the decompressed audio signal for producing at least one 
output signal for driving a television receiver type audio/ 
videonjisplay device. 

39. A digital entertainment terminal as in claim 30, 
wherein the audio/video processor comprises an audio/video 
decoder for decompressing the selected compressed, digital 
information from the transport stream to produce a decom- 
pressed-video signal and a decornpressed audio signal. 

40. A digital entertainment terminal as in claim 39. 
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wherein the audio/video decoder comprises: 
an MPEG video decoder; and 
an MPEG audio decoder. 

41. A digital entertainment terminal comprising: 

a channel selector for coupling to a broadband receiving 
antenna and selecting one of a plurality of channels 
from a signal from the broadband receiving antenna; 

a channel signal processor for processing the one channel 
to acquire a digital transport stream carried on the one 
channel, said digital transport stream comprising mul- 
tiplexed streams of compressed, digitized video infor- 
mation; 

a digital processor capable of selectively providing both a 
full motion video presentation in response to 
compressed, digitized video information selected from 
a digital transport stream output by the channel signal 
processor and a still frame presentation in response to 
individual frames of compressed, digitized video infor- 
mation selected from a digital transport stream output 
by the channel signal processor, 

means for receiving inputs from a user; 

an RF modem for two-way cornrnunication of signaling 
messages via a wireless packet data network; and 

a control processor controlling operations of the channel 
selector and the digital processor in response to at least 
some of the received inputs from the user, sending 
messages through the RF modem and processing mes- 
sages received via the RF modem. 

42. A digital entertainment terminal as in claim 41. further 
comprising program memory for storing software execut- 
able by the control processor, wherein: 

in response to a command code received via the RF 
modem, the control processor causes data selected from 
a transport stream output by the channel signal proces- 
sor to be stored in the program memory, and 

the control processor executes the software received and 
stored in the memory to control subsequent operations 
of the digital entertainment terminal. 

43. A digital entertainment terminal as in claim 42. 
wherein the software received and stored in the memory 
comprises an application program to be executed by the 
control processor to provide a specific interactive service. 

44. A digital entertainment terminal as in claim 41, 
wherein the digital processor comprises: 

(a) an audio/video decoder for decompressing 
compressed, digitized audio and video information 
received over the broadband channel to produce a 
decompressed video signal and a decompressed audio 
signal; and 
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(b) a memory for storing at least one frame of outputting to said packet data multiplexer digitized broad- 
compressed, digitized information, wherein the audio/ band Internet data in response to second signaling messages 
video decoder is responsive to instructions from the received via the wireless packet data network, said packet 
control processor to selectively: data multiplexer packetizing and multiplexing said digitized 

(1) decode a series of frames of compressed, digital 5 broadband Internet data into the one transport stream 
information to purchase decompressed video and 50. A system as in claim 49, wherein said interactive 
audio signals corresponding to the full motion headend system further comprises an encoder receiving said 
presentation, and digitized broadband Internet data as bit mapped video data 

(2) repetitively decode the at least one frame stored in and outputting encoded frames for transport on said one 
the memory to produce decompressed video and transport stream, 

audio signals corres ponding Jo Jhe_s*fll frame pre- 51. A system as in claim 46, further comprising an Internet— 

sentation. interface receiving user selection messages from at least one 

45. A communication system comprising: of said receiver systems and outputting digitized broadband 
a headend system producing a signal containing multi- Internet information to said interactive headend system in 

plexed channels, each channel carrying a transport response to the received user selection messages, the inter- 
stream comprising multiplexed streams of digitized 13 active headend system outputting the digit ized broadband 

——video -information; Internet iinSDrmation on the one transport stream. 

a plurality of broadband wireless transmitters located at 52. A system as in claim 51, wherein said interactive 

spaced apart sites broadcasting said signal so that areas headend system comprises a packet multiplexer that con- 

of propagation from respective ones of the transmitters vote said digitized Internet broadband inf ormauoairrfo 1 data 

substantially overlap over each other in at least a major *> P"*** 5 ? ach *f ™& * ***** taw*"* 

portion of a servicTarea; information and a packet identifier, said data packets being 

r . , , , , output on said one transport stream, 

a two-way wireless packet data network; and & A system as in claim 52, wherein said interactive 

a plurality of receiver systems within the service area, headend system further comprises an MPEG encoder rccciv- 

each receiver system comprising: ^ j D g said digitized broadband Internet information as bit 

(i) a directional antenna for receiving a wireless trans- mapped images and outputting encoded MPEG frames to 

mission of said signal from one of the transmitters, said packet multiplexer. 
<ii) a channel selector coupled to the directional 54. A system as in claim 52, wherein said packet multi- 
antenna for selecting one of the multiplexed plexer receives from said Internet interface second Internet 
channels, ^ broadband information representing broadband data other 

(iii) a channel signal processor for processing the one than said bit mapped images. 

channel to acquire the digital transport stream carried 55. A communication system as in claim 45, wherein each 

on the one channel, receiver system further comprises a an antenna coupled to 

(iv) a digital processor responsive to selected the RF modem for transmission and reception of signals 
compressed, broadband digitized audio and video 35 between the RF modem and the two-way wireless packet 
information from the acquired digital transport data network* 

stream to produce signals for driving a video display 56. A communication system as in claim 45, wherein the 

device, two-way wireless packet data network comprises a public 

(v) means for receiving inputs from a user, network, said communication system further comprising: 

(vi) an RF modem for two-way coinmunication of ^ a data device; and 

signaling messages via the wireless packet data m modem coupled to the data device for providing 

network, and two-way data communications for the data device via 

(vii) a control processor controlling operations of the ±c ^ network. 

channel selector and the digital processor in response 57, a communication system as in claim 45, wherein the 

to at least some of the received inputs from the user. 45 two-way wireless packet data network comprises a plurality 

sending messages through the RF modem and pro- Q f wireless transceivers for providing wireless communica- 

cessing messages received via the RF modem. tions with the RF modems. 

46. A communication system as in claim 45. further 5 g A communication system as in claim 57, wherein the 
comprising an interactive headend system generating one of two-way wireless packet data network further comprises at 
the transport streams in response to signaling messages ^ least one wireline access point in wireless communication 
received via the wireless packet data network. with the plurality of wireless transceivers, said communi- 

47. A communication system as in claim 46, wherein the cation system further comprising a landline packet data 
interactive headend system comprises: network coupled for two-way packet data communication 

a server outputting selected frames of video information; with the wireline access point. 

a packet data multiplexer for packetizing and multiplex- 55 59. A coinmunication system as in claim 58, wherein the 
ing the selected frames of video information into the landline packet data network comprises a frame relay net- 
one transport stream; and work. 

a gateway processor responsive to signaling messages 60. A communication system as in claim 45, wherein the 

received via the wireless packet data network for headend system comprises: 

controlling the server and the packet data multiplexer, gg (l) a source of a first transport stream containing a 

48. A communication system as in claim 47, wherein: plurality of digitally multiplexed packet streams, each 
the server stores and outputs frames of video information packet stream carrying digitized data representing one 

in digitized compressed form in MPEG format and of a first group of video programs; 

the packet data multiplexer comprises an MPEG multi- (2) a source of a second transport stream containing a 

plexer. 65 plurality of digitally multiplexed packet streams, each 

49. A system as in claim 47, wherein said interactive packet stream carrying digitized data representing one 
headend system further comprises an Internet interface of a second group of video programs; 
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(3) a modulation system modulating the first digital 
multiplexed data stream and the second digital multi- 
plexed data stream into first and second channels, 
respectively; 

(4) and a combiner for combining the first and second s 
channels from the modulating system into said signal 
containing multiplexed channels. 

61. A communication system as in claim 60, further 
comprising a transmission network for supplying said signal 
containing multiplexed, channels from the headend system to 10 
the broadband wireless transmitters; 



62. A communication system as in claim 61, wherein the 
transmission network comprises optical fibers connected 
between the broadband wireless transmitters and the head- 
end system. 15 

63. A s ystem as in claim 45. further comprising an Internet 

interface receiving user selection messages from at least one 

of said receiver systems and outputting digitized broadband 
Internet information to said headend system in response to 
the received user selection messages, said signal produced ^ 
by said headend system carrying said digitized broadband 
Internet information on one of said multiplexed streams. 

64. A system as in claim 63, wherein said headend system 
comprises a packet multiplexer that converts said digitized 
Internet broadband information into data packets each hav- ^ 
ing a portion of said Internet broadband information and a 
packet identifier, said data packets being output on one of 
said multiplexed streams of digitized broadband informa- 
tion. 

65. A system as in claim 64, wherein said headend system ^ 
further comprises an MPEG encoder receiving said digitized 
broadband Internet information as bit mapped images and 
outputting encoded MPEG frames to said packet multi- 
plexer. 

66. A system as in claim 64, wherein said packet multi- 35 
plexer receives from said Internet interface second Internet 
broadband information representing broadband data other 
man said bit mapped images. 

67. A system as in claim 66, wherein said two-way 
wireless packet data network supplies said user selection ^ 
messages to said internet interface. 

68. A system as in claim 63, wherein said two-way 
wireless packet data network supplies said user selection 
messages to said Internet interface. 

69. A communication system comprising: 43 
a headend system producing a signal containing multi- 
plexed channels, each channel carrying digitized broad- 
band information; 

at least one broadband wireless transmitter for broadcast- 
ing the signal into a service area; 50 

a two-way wireless packet data network; 

a plurality of receiver systems within the service area, 
each receiver system comprising: 

(i) an antenna for receiving a wireless transmission of 
the signal 55 

(ii) a channel selector coupled to the antenna for 
selecting one of multiplexed channels, 

(iii) a digital receiver for processing the one channel to 
acquire the digitized broadband information carried 
by the one channel, 60 

(iv) a digital processor responsive to at least a portion 
of the digitized broadband information to produce 
signals to present the broadband information, 

(v) means for receiving inputs from a user, 

(vi) an RF modem for two-way communication of 63 
signaling messages via the wireless packet data 
network, and 



(vii) a coniroi processor controlling operations of the 
channel selector and the digital processor in response 
to at least some of the received inputs from the user, 
sending messages through the RF modem and pro- 
cessing messages received via the RF modem. 

70. A communication method comprising: 
broadcasting multiplexed channels carrying digitally 

encoded video information over the air to a plurality of 

customer premises receiving systems; 
-communicating signalmg messages rda^g to interactive 

services from the customer premises receiving systems 

via a public wireless packet data network; and 
communicating data from data devices via said public 

wireless packet data network, 
farmer comprising the steps of: — 

supplying one of the signaling messages having been 
communicated via the public wireless packet data 
network to an Internet interface; 

receiving from said Internet interface digital broadband 
Internet information output in response to the one 
signaling message; and 

broadcasting the digital broadband Internet information 
on a second set of multiplexed channels carrying said 
digital broadband Internet information and digitally 
encoded interactive video information over the air to 
the plurality of customer premises receiving systems. 

71. A method as in claim 70, wherein the broadcasting the 
digital broadband Internet information step comprises the 
steps of 

receiving the digitally encoded interactive video informa- 
tion from an interactive server; 

encoding a first portion of said digital broadband Internet 
information, the digital broadband Internet information 
having said first portion and a second portion; 

packetizing the digitally encoded interactive video 
information, the encoded first portion and the second 
portion of said digital broadband Internet information 
into packet streams having respective packet identifi- 
ers; and 

outputting the packet streams onto the second set of 
multiplexed channels. 

71 A communication system comprising: 

a headend system producing a signal containing multi- 
plexed channels, each channel carrying a transport 
stream having multiplexed streams of digitized broad- 
band information; 

an Internet interface coupled to the headend system and 
supplying digital broadband data to the headend system 
in response to upstream signaling information, said 
transport stream carrying said digital broadband data in 
one of the multiplexed streams; 

at least one broadband wireless transmitter for broadcast- 
ing the signal into a service area; 

a plurality of receiver systems within the service area, 
each receiver system comprising: 

(i) an antenna for receiving a wireless transmission of 
the signal, 

(ii) an interface module processing the received signal 
to select one of the channels and acquire a transport 
stream from the selected channel, 

(iii) a digital signal processing section for processing 
digitized data from a selected stream of digitized 
broadband information contained in the acquired 
transport stream to present selected broadband 
information, and 



07/27/2004, EAST Version: 1.4.1 



5,729,: 

43 

(iv) a modem providing upstream wireless communi- 
cation of said signaling information from the 
receiver system to the Internet interface via a wire- 
less communication network. 

73. A system as in claim 72, wherein the interface module 5 
comprises: 

means for selectively receiving the selected channel; and 
means for demodulating a signal from the selected chan- 
nel to acquire the transport stream from the selected 
channel. 10 

74. A system as in claim 72, wherein each rec eiver system 
ftuther-comprises:— 

a control supplying user input information to the receiver 
system, and 

a programmed central processing unit controlling selec- l3 
tioQ by the interface module and the digital signal 

processing sec tion in response to certain of the user 

input information, the programmed central processing 
unit transmitting said signaling information through the 
modem in response to other user input information. 

75. A system as in claim 72, wherein said wireless 
communication network is a two-way wireless packet data 
network. 

76. A system as in claim 72, wherein said headend system 
comprises a packet multiplexer that converts said digital 
broadband data from the Internet interface into data packets 25 
each having a portion of said Internet broadband information 
and a packet identifier, said data packets being output on one 

of said multiplexed streams of digitized broadband infor- 
mation. 

77. A system as in claim 76. wherein said headend system 50 
further comprises an MPEG encoder receiving said digital 
broadband data as bit mapped images and outputting 
encoded MPEG frames to said packet multiplexer. 

78. A system as in claim 77, wherein said packet multi- 
plexer receives from said Internet interface second digital 35 
broadband data representing broadband data other than said 
bit mapped images. 

79. A system as in claim 78, wherein the headend system 
further comprises: 

a server outputting selected frames of video information 40 
to the packet multiplexer; and 

a gateway processor responsive to second signaling mes- 
sages received via the wireless communication network 
for controlling the server and the packet data multi- 
plexer. 
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80. A system as in claim 76. wherein the headend system 
further comprises: 

a server outputting selected frames of video information 
to the packet multiplexer; and 

a gateway processor responsive to second signaling mes- 
sages received via the wireless communication network 
for controlling the server and the packet data multi- 
plexer. 

81. A communication method comprising: 

— receiving tot broadband data as di^taJly encoded video 
information from a video source; 
receiving second broadband data from an Internet inter- 
face; 

multiplexing the first broadband data and the second 
broadband data "onto" at least one multiplexed channel; 

broadcasting a signal carrying a plurality of multiplexed 
channels over the air to a plurality of customer pre- 
mises receiving systems; 

communicating signaling messages from the customer 
premises receiving systems to said Internet interface 
via a public wireless packet data network; and 

communicating data from data devices via said public 
wireless packet data network. 

82. A method as in claim 81, wherein the multiplexing 
step comprises the steps of: 

encoding a first portion of said second broadband data 
carrying video information; 

packetizing the first broadband data, the encoded first 
portion of the second broadband data, and a second 
portion of the second broadband data into packet 
streams having respective packet identifiers; and 

outputting the packet streams onto the one multiplexed 
channel. 

83. A method as in claim 81, wherein the broadcasting 
step comprises the step of transmitting said signal from a 
plurality of broadband wireless transmitters located at 
spaced apart sites so that areas of propagation from respec- 
tive ones of the transmitters substantially overlap over each 
other in at least a major portion of a service area. 

* * * * * 
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